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P R E FA C E, 




Trris text-book, although adapted for the 
students generally, is written .^aegially for thoa€^^'^ 
merous operators and artis^ 


lo are employ 

the actual transmission of te'^^rams, and in thd- 
tenance of telegraphs in England. Care ha$ 
taken to render it as far as possible indepei^^i 
of theory, and of little more than an eleme 
knowledge of Mathematics. The book is inteo 
serve as an introduction to the study of more adv^i^^ 
works upon the art and science of Telegraphy 
dimensions have necessarily confined the 
almost entirely to the consideration of English 
graphy, and compelled them to abandon the 
marine cable branch of the subject. The 
described arc those which have borne the test of 6 
tinned experience and arc more or less in prac^^ 
use at the present day. Hence it is that the 
blems, of quadruplex, multiplex, and other 
jtystems of Telegraphy have been omitted. And 
the class for whom the book is specially wTitten Aife 
not as a rule engaged in the application of the 
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of currents tc testing and experimental purposes, the 
discussion of Ohm’s laws, and the apparatus depend¬ 
ing upon them, arc not dealt with. In fact, Professor 
Fleeming Jenkin’s work on Electricity, published in 
this series, fills up the theoretical omissions h the 
book, and Mr. Gulley’s Handbook of Practical Tcle- 
gmphy, to which, more than any other, this is 
intended to be an introduction, supplies all the 
practical omissions. 

Those who take up this text-book with the idea 
that from it they are,^<^ng to learn Telegraphy with¬ 
out any previous knowledge of Electricity, and with¬ 
out the opportunity of handling telegraph instruments, 
will probably be disappointed ; while those v;ho have 
already ac^ired an elementary knowledge of Elec¬ 
tricity, or are employed in Telegraphy, will, it is 
believed, find the work to fill a gap which the authors 
have ofiten felt to exi^. 

Wherever the diagrams are drawn to scale they 
arQ so indicated by the proportion of the real size 
being given. Wherever this is not so the diagrams 
are either symbolical or simply illustrative without 
strict adherence to dimensions. 
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CHAPTER I. 


ELECTRICAL TERMS. 

1. It is not intended thuil this book shall be a treatise 
electricity. It is to be a Text-book of T'elegraphy, dealii^ 
with the ap[)lication of electricity to the conveyance 
information to distant points l)eyond the reach of Tlfe 
and the eye. Electricity therefore being its main them^, 
certain accpiaintance with the elementaiy principles of that» 
science must be iissumed on the part of the reader, thoug!v\ 
every eftbn will be made to render the explanations given^; 
as much as possible independent of such knowledge. The'" 
differences which exist among electricians with respect to the'.’ 
signification of many of the technical terms employed in con¬ 
nection with telegraidiy render it necessary that the student 
at the outset should have a clear comprehension of the-, 
meaning of those which will be used in,this work. AVlieth<^, 
electricity be a fluid or a force, whether it be a form of matter - 
or a fomi of energy, will not be discussed; the terms used 
will be rendered indepenilent of theory. 

2. p^lectricity is an agent pervading terrestrial and solsi; 
space, and is as universal in its effects as are heat and light-'’ 

are cognizant of its existence when we hear the roar of 
thunder and see the flash of lightning, but we do not kb 6 »r 
its particular form any more than we know that of heat or 
that of light. Tlie»so«nd of the thunder and tlie flash of the" 
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lightning afifect the ear and the eye—we hear the sound and 
see the light—but we do not assume the existence either of 
sQund or of fight as distinct entities or things. We can 
speak of the quantity of sound caused by the explosion of a 
cannon or by the blowing of a penny whistle; the quantity 
of light emitted by a gas-jet o^* by a farthing nishlighc; the 
quantity of heat required to melt a imilful of ice or to solder 
metal joint, without implying by the term quantify a mass 
or volume of anything actually present. The term implies 
relative magnitude only. It is the answer to the (question 
* how much ?’ It implies the notion of more or less. W’hcn 
we speak of the magnitude of electricity present or passing, 
we speak of its quantity. When we read of the church spire 
destroyed, of trees riven to splinters, of wires fused, or of 
flocks killed, the damage done is due to^ the electricity 
passing, and the amount of that damage is proportional to 
its magnitude or quantity. If we lake a piece of sealing- 
wax, a glass rod, or an ebonite comb, and rub it against the 
coat sl^ve, we find it has the property of attracting feathers, 
straws, and other light bodies. Electricity has been excited 
upon its surface, and the force of attraction is found to 
increase with the quantity of electricity present. Conversely 
the force with ivhich bodies are attracted is an indication of 
the quantity of electricity excited. Hence we learn that 
Electric Qu.\ntity is the magnitude or amount of electricity 
present, 

3. We may also conclude that electricity has a physical 
magnitude, and like all physical maipitndes is capable of 
measurement and of reference to some standard. Since 
quantity implies the notion of more or less, we must be able 
to answer the question ‘more or less than what?’ Hence 
all physical magnitudes must have a standard of reference 
or unit with wli^ corapaiison and therefore calculation c^n 
be made. JSfnotion of more or less is implied by the 
number qyl^ese units which arc present. If we wished to 
express'^ih. feet the distanoe between apy two -places, we ^ 
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might say ‘ let the distance between a and n be */’ or if we 
wished lo express in gallons the volume of wjter in a tank, 
we might say ‘ let the capacity of the tank be f and g 
respectively representing */,’ feet, and *‘gl gallons; / and g 
standing for any number whatever, and the foot and gallon 
bejng the units or standards of reference taken or under¬ 
stood. Again, if we wanted to find the quantity of electricity 
^required to effect a certain j^urpose, we might commence by 
saying ‘ let the quantity of electricity be ‘ ql by which we 
should raean an unknown number, q units of electricity, and 
our investigation might bring it out -oi of a unit, or 3 units, 
or 50 units, or any other number. The unit quantity of 
electricity in general use has been called a 7i*'^?^<7vfrom Weber, 
one of the great German philosophers. Thus we see that 
in the literal representation of a physical quantity we as¬ 
sume the existence of a standard or unit to which we give a 
name, as foot, gallon, weber, and we express indefinitely its 
numerical value by the letter used. 

4. \Vhenever electricity has been produced by any means, 
the bodies which exhibit evidence of its presence are said to 
be .'lectrified or changed with electricity, and their condition 
is said to be one of electrification. For instance, a cloud which 
discharges itself into the earth with a flash of lightning is • 
said to be electrified.* A piece of sealing-wax, when it has 
been excited by nibbing so as to exert attraction, is electri¬ 
fied. A glass rod, similarly treated, is electrified. The method 
of electrification in the two latter cases may be precisely 
similar, yet the character of the electrisation in each case , 
is different. The sealing-wax and glas^'seem to be imbued 
with exactly opposite qualities : they attract neutral bodies; 
but repel each other ; they are the antitheses to each other, 
like heat and cold, light and darkness. By an arbitrary con¬ 
vention tfie electricity excited on glass has been called posi- 
tive, while that excited on sealing-wax has been called negative. 
All electrified bodies are either positively or negatively electri¬ 
fied. A thundercloud inay at one time be positive and at 
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another tim? negative. When a cloud charged positively ap¬ 
proaches a cloud equally chai^ged negatively, discharge takes 
place between them, and complete neutrality, or zero,Bresults. 
This justifies the use of the opposite terms. 

5. Whenever we walk upstairs or ascend a hill we are 
conscious of having exerted ourselves. We havd* in fact 
raised our bodies through a certain height against the 
-influence of the force of gravity. We have done work upon 
our bodies ; and whenever we make an effort against a force 
of any kind, through any distance, we do work .. Thus a 
horse does work in drawing a load, heat does work in con¬ 
verting water into steam, and thereby driving trains and 
propelling vessels. Electricity does work when it moves sub¬ 
stances against the force of gravity, or when it flows against 
resistance, and indeed electrical phenomena are indicated 
by work done, obstacles overcome, or force exerted. 

6. An electrified body acquires a certain quality or con¬ 
dition by W'hich it possesses this power of doing work. In 
the sanUi way that a poker placed in the fire acquires a high 
temperature before it burns the hand, or as water acquires a 
high pressure before it bursts the pipe, so an electrified body 
acquires a certain condition before it is capable of doing 

. work. The property possessed by such a body, which is 
analogous to temperature and pressure, is called potential. 




it be desired to transfer heat from a to b, it is essential 
the t^perature at b be lower thamthat at A 5 ^mid if it 




Resistance. 


5 


be desired to cause a flow of liquid or gas between two siicli 
points, it is equally essential that there be g difference of 
pressuse between them. So if we desire to transfer electricity 
from A to B either along a conducting wire, such as that of 
a submarine cable, or through the air, it is imperative that 
the potential at b be less thaiKh&t at a. 

Hence, potential implies that function of electricity 
which determines its motion from one point to another. • 

And the difference of potential, which determines the 
amount i)f this motion, is called electro-motive force. 

7. The transference of electricity, such as that from a 
charged cloud to the earth, from a rubbed glass to a nibbed 
comb, a signal from Europe to America, may take place in 
different times ; the path between a and .b oflers obstruction 
to the passage of electricity; the medium through which it 
passes, whether composed of an air space, or of any conduct¬ 
ing material, is an obstacle to be overcome. Electricity in 
motion docs work, that is, it decomposes liquids into their 
constituent elepients, generates heat, produces magnetism, 
&c.; and the amount of work done with the same electro¬ 
motive force depends upon the resistance to be overcome; 
hence the term Resistance implies that quality of a conductor 
in virtue of which it prevents more than a certain amount of 
work being done in a given time by a given electro-motive force. 

The unit (| 3) of resistance is called the Ohm, from 
Ohm, the German physicist, who dete^ined mathemati¬ 
cally the laws that regulate the flow of electricity. It is 
convenient for brevity's sake to use a symbol to represent 
the ohm as we use ® to represent degrees, and ' minutes. 
The symbol used by us is w, the Greek ofnega. Thus we 
say that the resistance of a wire between London and 
IMRingham is 1500% and of one of the Atlantic cables is 
722^0". * 

8. Those bodies which offer very great resistance to the 
passage of electricity through them are called insulators; 
thpse which offer veiy Uttle resistance are called conductors* 
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The differen'ce between a conductor and an insulator is one 
of degree only. Thus the resistance of a given volume or 
mass of mcuu or water is very smalb while that o^ glass, 
ebonite, or air, is very great. The property of matter which 
determines its resistance is evidently molecular, for it varies 
with and is dependent upon Uie mass of the bpdy as well as 
the character of its physical structure and condition. For 
instance, water, when a liquid, is a conductor; when a solid,^ 
an insulator; while many substances when cold are insula¬ 
tors, and when hot conductors. a 

9. The transference of electricity from one point to 
another is called a current Whether it be a flash of light¬ 
ning, or a simple spark between a piece of rubbed glass and 
the finger, or a signal sent from Europe to America, it is a 
transference of electricity. To produce a current we must 
have two points at different potentials separated from each 
other by a resisting medium. To produce a continuous cur¬ 
rent these points must be maintained at different potentials. 
A cur^nt will flow from the higher potential to the lower 
. potential so long as a difference of potential continues, but 
when the potentials are equalized it ceases. 

Hence we see that what is understood bv the term 
CURRENT is an apparent transferetice of electricitv^m one 
point to another^ to produce equeUization of pote^ki And 
one current differs from another only in its strength —or, in 
other words, in the quantity of electricity Vhich is trans¬ 
ferred by each in the same time. A current always is sup¬ 
posed to flow from the point of higher potential to that of 
lower potential. The former point is taken to be positive to 
the latter point; and, vice versdf the lower point is taken 
to be negative to the higher point The terms positive, and 
negative cq^i^ents are frequently used, but they are misnomers. 
Ther^; is'.bily one current flowing from a and ^ 
and varfes in direction. It is quite connect to apply 
th^^m positive or negative to currents udth respect to a 
pointy and by those terms tq, imjfly direction only, 
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for while stationed at a given place currents may flow* frm 
or t<nvartls us. But it is quite incorrect to speak of 
positite or negative currents without reference to a given 
point, for what is a positive current at one point is ti nega¬ 
tive current at another. The current is, however, supposed 
t^ flow frorrwthe body positively charged to that negatively 
charged. For the sake of convenience the potential of tlie 
, earth is alwa)^ assumed to be zero ; so that when we speafc 
of the potential of a body, we really speak of the difference 
between its potential and that of the earth. In the same 
way the freezing point of water is taken to be the zero for 
temperature. This by no means assumes that the earth has 
no potential, for every thunderstorm and every telegraph line 
tell us that* it lias, and we shall have to speak of phenomena 
'which show us that different portions of the earth’s surface 
have different potentials at different times. 

10. A current can only be constant when w^e have two 
points separated from each other by an invariable resistance, 
and maintained at the same difference of potential. The 
material conveying the electricity, whether it be earth, air, 
water, or matter in any form, separately or conjointly, is 
called a circuity and the circuit is the wiiolepath along 7vhich 
the electricity is supposed to flow. 

11. These are the principal terra^ independent of all 
hypotheses, which are used in the sdence of electricity in 
its application to telegraphic purposes^: and it is upon their 
clear comprehension that the ease!or difficulty of the 
mastery of the technical details of \ telegraphy depends. 
'I'he nature of electricity itself is not known, nor is it neces¬ 
sary to the telegrajihist that it shouM be known by him. 
He is only interested in its quantitative measurement and its 
application to practical purposes, lit him master its ele- 
n^entary principles, its general ideas, its properties and its 
conditions, and he can well afford to leave to physicists the 
discussion of its nature, and to mathematicians the deter¬ 
mination' of its laws. • 
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CHAPTER 11 . 

THE BATTERY 

12. If two plates of difFensnt metals, say pure zific anji 
platinum, be immersed in any acidulated solution, .say sul- 
piiuric acid and water, then so long as the "two metals are 
- kept apart no action whatever is observed to take place 
' between them. But immediately they are metallically con- 
i netted together, whether by being brought into immediate 
.contact at any point or by means of a wire, and so long as 
' they remain so, the zinc is chemically attacked and eaten 
’ away; the acidulated water is decomposed into its consti¬ 
tuent elements, one of which unites with the zinc, forming a 
'salt of that metal, and bubbles of the other—hydrogen 
jgas—are seen to form upon and to rise from the platinum 
plate. 

If i^wire has been employed to connect the two plates 
it does not remain quiescent, but in various ways it gives 
’ evidence of molecular disturbance and of the power with 
wliich it is imbued. 

a. If it be dipped in a mass of iron filings, the little 
rpairticles of iron will cluster around and apparently adhere 

, to it. k 

b. If it be wound round a piece of soft iron it will 
render that iron for the time being magnetic, and almost 
immediately it is removed the iron loses all trace of 
, magnetism. 

c. If it be placed in the immediate neighbourhood of 
a freely suspended magnetic needle, the needle will at once 
exhibit a tendency to place itself at right an^e^ to it. 

' ft., the wire be broken and the ends immersed in 
^^£Ug^^he water will be decomposed f oxygen collects at 
l^plnti of the section proceeding from the platinum plate, 
in this nascent state forms as a ^rule an oxide of the 
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mecal composing the wire. Hydrogen arisA from the 6 n 5 
of the section coming from the zinc plate. 

'I'he other manifestations of the power which the wire 
possesses, viz. its heating properties, its production of light, 
and its physiological effects, may be passed over, for they are 
not etnployed in any way in^practical telegraphy. 

* 13. To this combination of two different metals in acidu¬ 

lated water the name of a cell is given; and a series of sijph 
cells, properly arranged, forms the galvanic or voltaic battery. 
It is convenient to rei)resent a cell symbolically or conven¬ 
tionally by a thick and thin line of different lengths—the 
former representing the zinc and the latter the platinum 
plate, as in fig. 2. A battery is similarly represented by a 
combination of these, as shown in the same figure. 


A li lUtr}' 
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14. TJie action observed is said to be due to a current 
which is conventionally assumed to st^rt from the zinc plate, 
to pass through tlie litpiid to the platinum, and thence 
to return by means of the wire to i^ starting-point This 
l^rifn * current * (§ 9) is purely a convention of language, 
and must not be taken to imply in any way the actual trans-. 
fcrence of matter from one jioint to another. The word 
was introduced in the early days of electricity, when elec¬ 
tricity Vas believed to be a fluid, and it has ever since been 
retained. The power which the wire possesses in virtue of 
this transference of electricity, or, as we may now call it, 

■ the strength of the current, varies according to the metals 
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which are wnplioyed in the cell, as well as to the solution 
which they are placed. In water acidulated with sul- 
pHtiric or nitric acid the maximum effect is obtained when 
the metals farthest apart in the following list are combined:— 
Siker, copper, antimony, bismuth, nickel, iron, lead, tin, 

, cadmium, zinc. „ . 

In water acidulated with hydrochloric acid the above 
or^er is modified as follows;—Antimony, silver, nickel, bis¬ 
muth, copper, iron, lead, tin, cadmium, zinc. 

15. Various theories have been advanced to accov^nt for 
the determination of the difference of potential resulting in 
this peculiar action, Volta was of opinion that it originated 
simply and wholly from the contact of the two dissimilar 
metals, and in this view he was supported (amongst others; 
by Ritter, Pfaft', Ohnf, and Biot. 

Faraday, on the other hand, maintained with Fabroni, 
who suggested the theory in 1792, that the prime cause was 
chemical action. He performed an enormous number of 
. experin^nts in order to verify this opinion, and with the 
apparatus which he then bad at his disposal they seemed to 
be convincing. This theory, known as the chemical theory^ 
as opposed to Volta’s contact theory, numbered amongst its 
supporters Wollaston, Davy, De la Rive, Danicll, and many 
others. 

Now, however, by means of the delicate app^iratus in¬ 
vented since Faraday’s time, it has been distinctly sliown that 
' the mere contact of two dissimilar metals does determine a 
difference of potential between them, and thereby (§ 9) 
gives the prime conditions of a current. Based upon this 
a theory has been advanced which goes far to unite the 
rival contact and chemical theories, and which has been 
adopted by Helmholtz, Sir William Thomson, and several of 
the leading physicists of the present day. It is thi^. ^ When 
fwo dl^similai^ bodies are brought into contact a different 
of pDtdnjdal is determined between them. In figs. 3 and ^4 let 
A a zinc plate, a a copperplate, both plunged 
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in acidulated water, and cc' a connecting* wire of copper, 
which is shown in fig. 3 as divided into twp sections, CA and 



c'b. Taking fig. 3, ca being placed in metallic contact with 
A, the latter has a positive potential at once determined to it 
relative to that of ca, and ca is therefore negative to a, b 
remaining in a neutral condition, a and B, which are sepa¬ 
rated from each other by a liquid, are therefore at first in 
different electrical conditions, but the conducting liquid at 
once reduces them to the same potential, and in doing so'it 
is decomposed ; consequently a and n are now in the same 
electrical condition, c'b acquires the same potential as b, 
because it is the same metal, and is in metallic connection 
with it; it has therefore a positive potential relative to ca. 
Thus the points c and c' are at di^reiit potentials. Now., 
suppose (fig. 4) c and c' to be united ; a current must flow; 
because these tw’o points are at different potentials, c re* 
tains the same potential relative to A, but the w^ire cc' tends ’ 
to reduce b to the same potential ^ c. The equilibrium isi 
disturbed between a and b. The potential of b falls below* 
that of A, a current flows, the liquid is decomposed, and this. 
♦ decomposition of the liquid exercises a counteracting in¬ 
fluence ; it endeavours to keep b at the same potential as a. 
The consequence is that b assumes a potential between that 
of A and that of ft. Similarly any point-p in cc' has a po- 
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,tifintlalt>etweenShat of c and that of c', and any point dm 

liquid betwec^n a and b has a potential between that of a 
and B. ^ Thus we have a constant fall of potential from the 
zinc through the liquid back to the zinc again through the 
connecting wire. 

The result of all this is that what we may call a con- 
'"tinuous flow of electricity is kept passing through the li<iuid 
fron A to n, tending to keep the potential of the latter up to 
that of the former; and a continuous flow of electricity from 
p ' to c through esc', tending to reduce the potential of b to that 
iOf c. A current therefore is said to pass in the direction 
A B c c' when the cell is at work. The first flow is determined 
fcy the diflcrence of potential due to contact, and the con¬ 
tinued flow is maintained by the chemical decomposition of 
the liquid. 

1^' i 6 . The zinc is named thb positive plate or element, the 

•l$6pper the negative plate or element. These terms positive 
and negative convey no meaning of themselves ; they are 
jineiely inti|^ded to denote the antagonism which exists be¬ 
tween the two elements. The liquid itself is decomposed ; 
Ihe hydrogen (H) rising at the copper (Cu) plate leaves it 
untouched; the oxygen (O), however* attacks the zinc (Zn) 
plate, and gradually eats it away. Assuming first that pure 
water (H20) is m^ide use of, the action whicli takes place 
may be symbolically represented thus 

Before contact— * 

Cu, 1^2^, H2O, H2O, Zn« 


After contact— 

CuHai OHji OHT, ZnOT 


But zinc oxide (ZnO) is insoluble in water, and if pure water 
were used thd action would at once cease, because the zinc 
platcj>eoomes covered with an insulating compound. Hence 
sululiiric^acid is tflflSed (H2SO4), which replaces the zinc 
iy the soluble zinc sulphate ^ZnSCii), leaving the zinc 
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plate clear for further action. This actio]$ is symbolically 
represented thus 

JBefore contact— » 

Cu, H3SO4, H2SO,, H3S04, Zn. 

After contact— 

• CuSI, so^ soJTir, iso^ 

17. Although the deposition of hydrogen upon the cojypcr 
])Iatc is quite harmless so far as the copper itself is con* 
cern(*d, yet it has a very deleterious effect upon the general 
working of the cell. 'ITie working is impeded, and the 
strength of the current is very sensibly diminished by it. To 
this obstructive action the name of Galvanic Polarisation has 
been given. 

It is due to the fact that the free* hydrogen accumulating 
upon the copper plate behaves with respect to it in a manner' 
almost exactly similar to that of the zinc itself—that is to 
say, the hydrogen assumes a positive potential relative 
the copper. I’he result is very nearly the same as thougtf 
two plates of zinc weye opposed to each other. Should this b« 
the case, no difference of potential could be determined, 
and consequently no current would be obtained. 

18. Another injurious effect which die hydrogen ultimately 
exercises upon the action of the battei|fy is due to the facility 
which it possesses for reducing the petals from their salts. 
The zinc sulphate w'hich in time accumulates by the action of 
the cell is reduced by the hydrogett as soon os they come 
into contact with each other; the zine is thrown down upon 
the copper plate, and therefore zinc \i eventually opposed to 
zinc, and then the current entirely ceises to flow. 

19. It will thus be seen how essentially important a 
matter it becomes to prevent the presence of free hydrogen 

•upon the negative plate. 

This object has been attained in various ways. 

In Smee’s battery the^ deposition .of hydrogen on the 
negative jplate wa* prevented by mechanical means. JIti 
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coated the pla^e with finely-divided platinum^ and the 
hydrogen, being readily discharged from its roughened sur¬ 
face, rose in bubbles to the surface of the liquid. Ti^his 
battery is not practically employed in telegraphy now, and 
may therefore be passed‘Over without further comment 

20. Daniell invented the battery which bears his n^me. 
Taken all in all it may be regarded as the most ])erfect now 
in ,practical use for telegraphic work. It appears under 
various modifications, the principle, which is as follows, 
^remaining the same throughout:— 

Zinc and copper are employed as the positive and nega¬ 
tive plates, but instead of being in the same liquid they are 
placed in different liquids, which arc separated from each 
other by a porous partition. The liquid surrounding the 
zinc is diluted sulpliiiric^acid ; that surrounding the cojq^er 
a solution of the copper sulphate (CuS()j). The part played 
by the latter is the distinguishing feature of Daniell’s battery. 
The instant the two plates are united with each other action 
comments ; the zinc plate is attacked, and a salt of that 
metal is formed; the hydrogen liberated at the cof)per 
plate reduces the copper sulphate, expelling from it the 
metallic copper, which is thrown down in a perfectly pure 
state upon the coj>per plate of the cell. The hydrogen then 
combining with the molecule SO4 forms sulphuric acid 
(112804), which, finding its way through the porous partition 
into the zinc cell, maintains the solution there at a constant 
strength. 

The consequence of this is that the positive plate is 
gradually eaten away, and the liquid surrounding it becomes 
a solution of the zinc sulphate ; the copper sulphate is re¬ 
duced, but the negative plate—the main point to be looked 
after—is kept perfectly clean and bright by tlie deposition 
upon of pure metallic copper thrown down by the hydlrogen 
irom thfj solution of copper sulphate. 

The ^action jjlr” DonielVs battery may be-symbolically 
represented thus 



DanieWs Battery^ 


IS 


Before contact— ® 

Zn SO4H2, SO4H2, IISO4CU, SO4Q1, Cu. 

After contact— 

:^S04, H2SO4, H2SO4, II CUSO4, CuCu. 

4 21.* There are various forrtis of Daniell’s battery in use. 
One of the most convenient, and that which is generally em- 
l^loyed in England, is the following :— ** 



A teak trough (teak is selected on account of its dura 
bility, and from the fact that it shows little tendency to warp), 
measuring two feet in length, six inches in width, and five 
and a half inches in depth, is divided into ten spaces or cells, 
which are separated from each other by slate partitions. It 
is then coated throughout, including the slate partitions, 
with marine glue.* The object of this is to render the 
trough perfectly water-tight and prevent any leakage from 
one cell to another. 

When the trough has been thus served each cell is sub¬ 
divided by a porous partition, composei& of unglazed porce¬ 
lain, of a uniform thickness of rather less than a quarter of 
an inch throughout 

. • The* marine glue, patented by Jeffrey in 1842, is formed by dis- 
sblving one pound of caoutchouc in four gallons of naphtha, and allow¬ 
ing this 10 stand for ten or lwelvjj days. Two parts of shellac arc then 
added to one part of this mixture, and the compound thus obtained is 
cooled on marble slal)^ 
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The zinc plate (fig. 6), measuring 3<| in. x 2 in., is suspended 
into one of the divisions thus formed, which is filled up to 

within a quarter .©f an 
inch of the top of the plate 
with pure water ^ the cop¬ 
per plate, which is 3 in. 
square, is placed in the 
other, amongst crystals of 
copper sulphate; this di¬ 
vision is then filled up to 
within about the same 
distance of the top of the 
coj)per plate with pure 
water. The copper plate 
of one cell is connected 
with the zinc of the succeeding cell by a copper strap passing 
over the slate partition. The plates in fact, before being 
fitted into the trough, are permanently connected with each 
i other, and are issued in pairs. One end of a copper strap 
measuring 2^ in. Ipng by J in. wide is fastened tu the copper 
plate by means of a copper rivet, and the other end of it, 
after being well tinned for about | in., so as to insure good 
metallic connection, is placed in a closed mould into which 
molten zinc is run. 

The last copper and the last zinc are each connected to 
a brass binding screw. 

22. In setting up a Daniell’s battery, there are various 
. points to which special attention must be given. A disre- 
' gard of any one of them will more or less mar its action. 

a. The copper sulphate, which is manufactured by dis- 
. solving scales of cupric oxide in sulphuric acid, must be of the 
' purest possible description. The foreign ingredient mainly 
. to be found in it is iron, whose presence may be ascertained 
by the following test:—The copper sulphate, like all the 
copper* salts, fopns with excess* of ammonia a deep blue 
solution, whilst the iron sulphate, under similar circum- 
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stances, is precipitated as a dirty-brown powdar. If, there- 

• fore, to a solution of copper sulphate ammonia be added 
until tjiis deep blue colour is obtained, the ikmount of iron 
present, provided there really is any, can be readily known. 
In good copper sulphate it should never exceed *55 per cent. 

b. Xh6 metals, but more jespecially the zinc, should be 
a^ pure as can possibly be obtained. This applies to the 
metals, not only of Daniell’s battery, but of every other 

• species of battery as well. For if any foreign ingredients 
make their appearance, the action of the battery is seriously 
interfered with ; the effect is the same as though a number of 
small plates of different metals were opposed to each other. 
Local currents are generated; the plates are needlessly 
wasted, and the general .strength of the battery is impaired. 

J^et fig. 7 represent a portion of a zinc plate containing 
several particles of iron, tin, or lead, which are the usual im- 
jjurities to be met with in it. 

The contact of cither of 
these (say lead) with zinc 
determines to the latter a 
positive potential; a liquid 
arc intervenes (fig. 7 a), and 
<all the required conditions 
being present, a current 
starts from the zinc to the 
lead through the liquid. Owing to the local action w'hich 
is thus commenced, the zinc plate is es^en away to no pur¬ 
pose, the liquid is decomposed, and thjji hydrogen which is 
liberated partially polarizes the zinc plate (§17). The con¬ 
sequence is that the residtant ^ current is hiaterially weakened, 
and in time would be wholly stopped, ' 

The' possibility of anything like this occurring is pre- 

^ The ?enn resultant implies the ultimate eilect of a series of actions 
which may be similar or opposite in their character. There may be 
sev'eral causes present to determine currents in the same or different 
directions, and the rcdUltaiU current is the final result or a^ebraic sain 
of all those causes. , . • . , 





.vented in yacious ways. Pure zinc, on accofiint of its being 
so expensive a metal, cannot be employed. The object, how¬ 
ever, is attainfed either by covering the zinc with n^rciny, 
.a process called amalgamatim^ or by employing a solution of 
.zinc sulphate in place of acidulated water in the zinc^ells. 

J,. .;, Mercury possesses the power of combining withe several 
'^bf the otheS* metals, and forming alloys which ,are knotim 
as amalgams. Zinc may be amalgamated by being first 
'cleaned with hydrochloric or sulphuric acid, and then rubbed 
over witli mercury. The liquid arc can then no longer in¬ 
tervene between the various impurities in the plate ;*a mer- 
,Gurial metallic arc is substituted in its place, fig. 7 u. Conse¬ 
quently the conditions for a local current are destroyed, and 
no ‘ local action ’ on the surface of the plate can take place \ 
at the same time a jierfectly homogeneous surface is pre¬ 
sented for the general working of the battery. 

This course is not, however, adopted in the Daniell's 
.. batter)r employed in telegraphy; it lias been found more 
ij-advantageous in every respect to adopt the suggestion first 
;^llf)2^de by %lr. Fuller, viz. to employ a solution of the zinc 
V^\phate if the battery is to be brought at once into use. 
But it will be seen (§ 20) that this salt, the zinc sulphate, is 
spontaneously formed in the action of the battery. Conse¬ 
quently. if the action is allowed to go on for spnie time, .say 
forty-eight hours, before the battery is actually required, it 
becomes unnecessary to use at the outset anything more 
than water in the zinc cell. 

c, I’lie copper sulphate must be used in the form of cry¬ 
stals and not as a powder. In the latter state it dissolves 
slowly, and in time adheres so tenaciously to the cell that 
.it can with difficulty be removed. 

d. ,£are must be taken that the zinc plate does not toUdi 
the partition. Should it do so a local act^n com- 

, mences at once, due to the fact that the sulphuric acid con¬ 
tained in the copper sulphate (§ ^o), which iii time nudres 
its way thxough the porous partition, has a far greslter 
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affinity for zinc than copper. It consequenfly leaves th€ 
latter, which is precipitated in a metallic state on the side of the 
poroi^j^ partition, and immediately gives rise to a local action. 

23. Batteries such as those described, in which these pre¬ 
cautions have been taken, will remain in constant action for 
a monlh without requiring any attention whatever. At the 
expiration of a month it becomes necessary to refresh them, 
and the following points must then be seen to. > 

a. The solution in the zinc cell should not be supersatu¬ 
rated with the zinc sulphate. The result of this would be the 
deposition of crystals on the zinc.plate, the copper strap, and 
along the edges of the cell, whereby the liquid is carried off 
by capillary action, and short circuits are formed between the 
cells. Should this occur, a portion of the -liquid must be 
(IrawTi off, the cell filled up with water, and the crystals re¬ 
moved. The solution is in the best possible state w-hen it is, 
semi-saturated with the zinc sulphate ; its conducting power 
is then at a maximum. 

A The zinc plate should be examined, and if there be \ 
any quantity of what at first sight appear.? to be black mud. 
upon it, this should be scraped off and carefully laid aside. 
The ‘black mud ’ contains the purest copper, and its presence 
on the zinc plate is thus accounted for:—Liquids differing in 
specific gravity and separated from each other, either by 
gravity alone or by a porous diaphragih, possess the power 
of gradually diffusing into each other, and in time forming 
one mechanical solution. The specific gravities of a solu¬ 
tion of the zinc sulphate and of a solution of the copper . 
sulphate vary. They consequently miiilgle w'ith each other ' 
in course of time through the porous partition ; but no 
sooner does the copper sulphate enter the zinc cell than 
sulphuric acid leaves it and unites with the zinc, for whicl^ 
as has been already observed (§ 23) it exhibits a decided' 
preference.' The copper of the copper sulphate is thus set 
free and deposited on the zinc plate. The action ^ the 
battery is thereby gradually weakened, until eventually, 

’ c 3 
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wlien the zirfc plate is covered with copper, the current 
entirely cease^ to flow. It is just in effect as if two 
plates of the same metal were employed, between whjph no 
difference of potential can of course be determined. The 
co|)per, on account of the finely-divided state in whidi it is 
precipitated from its sulphate,^ loses its bright metallic lustre 
and speedily becomes oxidised. 

r. The copper cell should be examined, and if the cry¬ 
stals of copper sulphate have been nearly exhausted a fresh 
supply should be added, and water poured in to supply the 
j)lacc of that which may have been carried off by evapora¬ 
tion. * 

d. Special care should be taken that the connecting 
straps and the terminal binding screws are kept bright and 
clean. 

24. The battery, at the end of two months, if it has been 
in constant use, and three months if it has been but mode¬ 
rately worked, should be thoroughly cleaned throughout. 
The solutipn in the zinc cell is first drawn off by means of a 
syringe and placed for further use in a vessel, into which it 
is advisable to throw a few scraps of zinc; for any copper 
which may be held in solution will thus be thrown down and 
only the zinc sulphate remain. The liquid in the copper 
cell is drawn'off in the same manner, any crystals which 
may remain being taken out. 'J^'lie plates are next removed, 
well scraped and cleaned, the * mud * obtained from the zinc 
lading carefully preserved in a box provided for the purpose. 

I'he porous partitions are then cleared of the copper with 
which they have become partially encrusted. I’he presence 
of copper on them cannot well be prevented; it is one of the 
results of a local action which owes its origin partly to the 
impurities contained in the zinc plate which have not been 
effectually got rid of, and partly to those which, in the shape 
of metallic dust or small" pieces of carbon, are occasionally 
to be met w’ith in the porous partition itself. It may be 
prevented to some extent by saturating the bottom of the 
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porous diaphragm to the height of about half an inch with 
melted wax or paraffin. The cells must 1 ^ well rinsed 
out, tlie metal deposited in them scraped off, and every 
particle of foreign matter removed. 

25. In recharging the battery the liquid drawn off from 
th|j zinC cells is sigain employed in them,,having been pre¬ 
viously diluted with water if necessary; the plates, after 

^ being well cleaned, are inserted as before, such as wer^ 
defective having been replaced by others. The copper cell 
is then ^lled up with the copper sulphate, as was done in 
the first instance. 

26. It is essential that the battery should be placed in 
a dry position, free alike from the extreme.s of heat and cold, 
and be protected as far as possible against the accumulation 
of dust upon it. If it rests on 
damp ground the strength of 
the current obtained is weak¬ 
ened ; for the damp ground 
being a conductor tends to 
abstract a certain portion of 
the current. 

The batteries are usually 
placed upon wooden racks, 
the boards of which should be 
cf a triangular section, as 
shown in fig. 8. 

27. Various forms and sizes 
of Daniell’s battery are used, 
depending chiefly upon the 
work which they have to do. 

One, which is employed to a 
considerable extent in Great 
Bgtain, ts the Chamber form **** 

of Danieirs Wteiy, introduced by Mr. Muirhead. Into 
a vessel of glazed porcelain or of ebonite a porous earthen¬ 
ware pot, of the shape^hown in fig. 9, and dipped for about 
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half an inch it melted paraffin, is placed. Tl\e latter con¬ 
tains the coppty: plate with the solution and cTystals of the 

copper sulphate; the 
zinc is placed in 
the porcelain vessel, 
\v])ibh is fillecf ii]) as 
before withr water. 
The action as well 
as the mode , of 
treatment is exactly 
similar to that which 
has been already 
described. At a 
large station, where 
every facility is af¬ 
forded for cleaning 
batteries, the ‘Cham¬ 
ber' cells can be 
more casUv handled than those of the trough; whilst if it be 
found necessary to employ increased battery power, a few 
of these Cells can be very conveniently added to those pre¬ 
viously in existence.^ 

28. The conditions to be fulfilled .by a good working 
battery for ordinary jiractical purposes are : 

I St. That the strength of the current obtained from it 
should be constant. 

2nd. I'liat the materials used in the construction and 
maintenance of it should not be expensive. 

3rd. That when the battery is not being worked, there 
should be no w^astc of the materials employed. 

29. I’he Daniell’s battery fulfils the first condition as satis¬ 
factorily as any battery which has hitherto been invented 

4 

- < 

^' Over 20,000 of tlies*e cells are employed in the Central Telegraphit 
.Station, (t,,?. O., J^mdon. They are ranged in series on movable 
longitmlinai racks which are protected by hinged covers. Troughs are 
tlnus dispensed with. e * 
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Local action, causing a variation in the strength of* the cur¬ 
rent, does, as has been pointed out (§^2), talye place ; but if 
the precautions indicated above to prevent this are taken, 
the variation is so slight as to be imperceptible in practical 
working, and no inconvenience is felt from it. 

In* point of cheapness b^th in construction and main- 
,t^nancc|[the Daniell contrasts favourably with its rivals. A 
bactery similar to that which has been described above, 

‘ charged and ready for use, costs \L \ in the course of twelve 
months if the battery has been fairly worked, ten pounds 
of sulphate of copper are used ; and apart from the labour 
of refreshing and cleaning out, the annual cost of the main¬ 
tenance of it may be set down at yj. 6i/. 

It does not fulfil the third condition. Even when 
Daniell’s battery is at rest there is a waste of the malerials 
employed. By reason of the action, to which reference has 
been made (§ 23), the licjuids diffuse into each other through 
the porous cell, and the copper sulphate is gradually reduced. 

On account of this the porous cells of a Daniell's battery , 
which is required only for occasional use, are made con¬ 
siderably thicker than those already described ; in this way 
the mixture of the two solutions is retarded, but at the same 
time the resistj^nce to the current as it passes from pl.ate to 
plate!^ is increased. Several modifications of the Daniell’s 
battery, to which reference will Jje madCj^ereafter, have been 
constructed, with a view to prevent as far as possible the 
diffusion of the liquids^ | 

30. Next to Daniell’s, the battery wmchof late years lias 
obtained most favour in Great Britain^is that invented by 
M. Leclanch^r of the JSastern Railway of France. 

Zinc is employed by him as. the positive element, and 
binoxide of manganese (MhOz), the pyrolusite of mineral¬ 
ogists, ^as the negative element. This mineral is to be ' 
^nd in Germany, France, Hungary, Brazil, Cornwall and 
tlevohy ^c., and is one of the main supplies of oxyge'ru '' 
F6r use in the batteiy it is broken up into coarse grains and 
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carefully sifted; in this way all that exists in the form of a 
powder is got rid ot ^ It is mixed with an equal volume of 
carbon crushed to about the same state as the bino^ide - of 
manganese itself. An earthenware porous pot, into which 
a plate of carbon has been placed, is then filled with this 
mixture. 'J'he zinc, which is^in the shape of a rod? is sur¬ 
rounded by a solution of the chloride of antmonium (N H4Ci), 
the ordinary sal-ammoniac; and when it is connected with 
The carbon plate, the following action takes place;—The 
zinc is attacked by the chlorine; chloride of zinc is formed, 
and dissolved in the liquid. The other constituent of the 
sal-ammoniac besides chlorine, namely ammonium (NH4,) js 
immediately, on being set free, oxidised by the peroxide of 
manganese, and ammonia and water are thereby formed. 
So long as this simple action goes on unimpeded by any 
other, galvanic polarization is prevented, and the strength 
of current obtained from this combination remains constant. 
The binoxide of manganese is reduced to a lower oxide 
known as the sesquioxide (Mn205). What actually takes 
place m 3 ^ be symbolically represented as follows;— 

Before contact— 

Zn, 2(NH4C1), I 2(Mn02),C. 

After contact— 

Zn CI2, 21NII3, H2O, [ Mn^Oj, C. 

The results of the action are, th% formation of chloride 
of zinc, free ammonia, water, and the reduction of the 
binoxide of manganese to the sesquioxide. Leclanch^ has 
brought out three sizes of cells; that which is generally 
adopted is .of the form shown in fig. 10. Into a glass 
vessel o^^ining a solution of sal^immoniac a zinc rod 
is plac^I^e porous pot containing the <mbon plate 
the mixjture of pounded carbon and binoxide of manganese 
is next Inserted into it. This carbon plate is fitted with a 
lead top, into which a binding screw is fixed Ibr the purpose 
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of connecting it with the wire proceeding froiK the neigh¬ 
bouring zinc. Lead is* em¬ 
ployed^ in preference to any 
other metal chiefly on account 
of its stability, and it is of great 
importance that good contact, 
shbiild be insured’^between it 
and the carbon. 

• 31. In setting up a Le- 
clanche’s battery the following 
points must be carefully at¬ 
tended to ; 

a. A strong solution of 
sal-ammoniac should be used ; 
for although the chloride of 
zinc is an easily-soluble salt, 
yet in the action of the battery double salts—oxychlorides of 
zin^^and zinc-ammonic-chlorides—are formed, which require 
a yriore concentrated solution of sal-ammoniac, and longer 
time to (fe^glve, than does the simple chloride of zinc. 

/ The formation of these double salts of zinc is- the result 

• of a secondary action which, after the battery has been kept 

steadily at work-for a sfiort time, makes ^ appearance and 
seriously interferes with its constancy. So long as chlorine 
only is set free at the’positive plate and ammonium liberated 
at the negative, so long is galvanic po|;3irization averted; 
but as soon as oxygen arises at the zind and hydrogen un¬ 
consumed accumulates on the carbon-^ti^ich actually does 
occur after continued working»for a few ^inutes—that mo¬ 
ment galvanic polarization ensues, a Counter current is 
generated, and the resultant strength dt current obtained 
from the battery is impaired. This galvanic polarization, 
along trace of a secondaiy action, speedily dis¬ 

appears if/|heij^ttety be left to itself; it is not observable at 
all if the- batteiy is called into play only at interv'als.. 

A The pprous cell should stand only half its height in 
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the saliiitiorf, as the drier its contents are the better for con¬ 
stant working. ' . 

c, Theconnectingwires from the carbons tb the suoK^eding 
zincs must lie carefully protected. This is done by covering 
them with gaint) tar, gutta-percha, Chatterton’s compound,^ 
or any other substance of a similar nature. India-rtfbber has 
been found to answer the purpose as well as anything, llhe 
^/object of this is to prevent the free ammonia given^jff in the 
. action of the battery from reaching the metallic'wire; if the 
wire is exposed to the smallest extent, the ammonia attacks 
and gradually eats it through. The result is that the circuit 
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Is broken, and the battery is for the time rendered perfectly 
useless. ' ^ 

d. The binoxide of manganese Vidch is used is of the 
form known as needle manganese. All the chist. should be 
carefully removed from the coarse powder into which this 

* Chatterton’s compound is a mixture of resin, Stockholm taf,4,anci 
gutU-perchaf^in the following proportions :-«- 

I poun(t of resin, 

1 „ „ Stockhnlm tar, 

3 pounds of gutta-parch;^. 
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is broken up. M. Leclanch^ found the prescn<^ of small 
amount of fine powder in tlie porous pot t^ be not only 
injurious to the action of the battery, but also to interfere 
greatly with its constancy. 

The* top of the carbon pot is covered with marine glue if 
the^battftry is to be sent any distance. Care must be taken, 
however, to leave a hole in the marine glue so as to allow 
the air to escape when the pot is placed in the solution. The. 
cells of a Leclanch^’s battery are joined up in the usual way 
to form ^ series. Fig. 11 shows how three of these cells are 
so connected. 

32. A Leclancbc’s battery thus set up will remain in good 
condition for a period varying according to die amouot ot 
work which it is called upon to do. If it is required only 
for occasional use, such as the ringing of bells for either sig¬ 
nalling or domestic purposes; or, if it is employed upon 
speaking circuit along which comparatively little traflie 
passes, it is really difficult to say how long the battery would 
last, provided the precaution is taken to replace every now, 
and then a portion of the liquid in the ^nc cell with pure 
water, adding at the same time a little sal-ammoniac, and if 
need be cleining the zincs. Instances have occurred where 
it has been left for periods ranging froji nine to eighteen, 
months, or even longer, without being sofmuch as looked at, 
and yet no complaint of its working waa heard. On busy 
circuits, however, it cannot be relied upon .to anything like the 
same extent as the Daniell.v The zinc s^ts which are then 
formed do not admit of being readily dissolved by the solu-* 
tion of sal-ammoniac; the secondary action already alluded 
to makes itself felt; the strength of the current consequently 
varies, and constancy is lost. And not o^y this; the porous 
pots crack in considerable numbers; the glass cells occasion¬ 
ally break from no apparent external cause, and the connect¬ 
ing wires, if exposed to the slightest extent, are very liable 
to be eaten through by the free ammonia given off. A local 
action, too, is observed to take place between the iron con- 
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necting wir^, the brass binding screw, and the lead top of 
the carbon p^te. Salts of lead are there formed, causing 
disconnections in the circuit. An attempt has been made‘s 
to get rid of this local action by welding or soldering the 
iron wire on to the lead top of the carbon plate, and issuing 
the elements in pairs, as is the case in the form of Danish’s 
battery, which has been described (§21). White lead is also 
^speedily formed in considerable quantities at the junction o( 
the carbon with the lead. 

t * 

33. In the conditions to be fulfilled by a good working 
battery, Leclanche's battery possesses one decided advantage 
over Daniell’s, and that is, that there is no waste of materials 
when the battery is not actually at work. For the diffusion 
which takes place in Daniell’s battery cannot exist with the 
single fluid in Leclanchd's. In point of cheapness, however, 
as well as constancy, the Daniell’s battery holds its own. 
A ten-cell Leclanch<^, of the form described, would cost 2/. 
2s. \ the cost of maintenance, like the constancy, will vary 
according^ the purpose.for which it is employed.* 

34. A form of Leclanch^^s battery which has recently 
been issued obviates, to a very great extent, many of the evils 
which are inherent to that described above. #This new 
form is to all external appearance like the ordinary Daniell; 
a teak trough is similarly divided,' and coated throughout 
with marine glue \ the porous partitions are of the same 
form, and the only difference lies in the constituents of the 
cells. Into one a carbon plate, surrounded with the mixture 
of' coke and binoxide of manganese, is placed; into the 
next a zinc plate if^ irpmersed in a solution of sal-ammoniac 
Tl;e terminal zinq^c^pd terminal carboh are each connected 

brass binding* screw \ the intermediate plates are issued 
)in pairs in exactly the same way as the plates of the Daniell; 
they are connected with each other by means of an ijon 

’ Mr. V. Walker, F.R.'S., has made a very careful examination of 
the cost of maintaining a Leclanche’s battery, and hnds it to be 
per- per annum, including stores, labouri^and^travellihg. 



29 
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wire, which is firmly welded into the zinc and the lead top 
of the carbon plate. This lead top is carefully* covered w'ith 
marine, glue, and the connecting wire is likewise covered 
with a protective coating. 

This form of battery thus dispenses entirely with the* 
glass cells; the porous partitions in it are not so liable to 
crack as the pots in the previous form, and the short length 
of the connecting wire, especially if thoroughly w'ell pro- 
’ tected, reduces to a minimum any danger in connection with 
it. There can be no question that in every sense this is a 
decided improvement on the previous form ; upon all, 
except the busiest circuits, it may be employed with safety 
and economy, for the maintenance now becomes an exceed¬ 
ingly-simple matter; if the zincs are scraped clean and the 
solution of sal-ammoniac kept up—^half being removed and 
replaced by water—say every three months, unless under 
exceptional circumstances, experience so far does not warrant 
our assigning a limit to the time that it will remain in action. 
(See Chap. XI. §§ 365, 366.) 

35. Other forms of constant batteries occasionally em¬ 
ployed for practical purposes in England are Grove’s and 
Bunsen’s. ^ Grove’s cell consists of a plate of zinc as the 
positive element, in dilute sulphuric acid, separated by 
means of a porous partition from a plate of platinum (Pt), the 
negative element, which is immersed in concentrated nitric 
acid (N2O5). When the circuit is conipleted the zinc is 
attacked, the soluble sulphate of zinefe fonned, and the 
liberated hydrogen is oxidised to water % the concentrated 
nitric acid before it can settle on the pl^^um. plate. The 
nitric acid is thereby reduced, and fiim^of the peroxide^of 
nitrogen arise in the form of a dartbrown vapour. Y -' 

I'hc action which takes place may bd symbolically repre^!- 
sented thus:— 

Before contact— 

Zn H,S04 I NjOj Pt 
After contact— , . > 

Zi^4 I 'HIO, Nr04 Pt 
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MariS~Davy*s Battery, 


The -exj^ensive materials employed in this battery dis¬ 
qualify it for^ordinary practical use ; it requires almost con¬ 
stant looking to, and its constancy, after it has be«n but a 
short time at work, and the nitric acid has got weakened, 
cannot be relied upon. The strength of current obtained 
from a Grove’s battery upon; short circuit is, compsft-ed with 
that from a Daniell’s battery, roughly as 8 : i; for this 
reason Grove’s battery is largely employed for experimental 
purposes where a powerful current is required. It is admir¬ 
ably adapted fof this purpose, for which it was in fact origi¬ 
nally designed. 

Bunsen’s battery is similar to Grove’!*, with the exception 
of the negative element. The expensive platinum employed 
in Grove’s battery is replaced in Bunsen's by carbon specially 
prepared for the purpose. 

36. In France Leclanch^’s battery is largely employed, 
and has of late years supplanted to a great extent that which 
was formerly much in use, viz., the Marie-Davv. 'Fhe prin¬ 
ciple of th%Marit^-Davy is very similar to that of the Daniell. 
The only difference is that a carboti plate in sulphate of 
mercury (Hg2S04) is employed as the negative element in 
place of a copper plate in the sulphate of copper; zinc is 
made use of as the positive element There are two sulphates 
of mercury, the protosulphate (HgS04) and the bisulphate 
(Hg2S04). The latter occurs in two modifications, viz. the 
yellow bjgic sulphate, which is insoluble, and the white 
crystalline acid or neutral sulphate, which is slightly soluble. 
In' a solution of this white crystalline bisulphate the carbon 
plate is inimers^<||||d|he zinc is placed at hrst in water, but 

P ng Jo <Mi^io^%cftc sulphate appears. By chemical 
lit^mercurjHsTeposited on the zinc, which is thus self- 
^'ualgamated and sulphuric acid is set free. 

^ When the circuit is completed the zinc sultphate^ is 
formed; Jthe liberated hydrogen throws down the mercury 
hfom its ^It, and is^ thereby prevented from polarizing ;tbe 
kdtbqti plate, which is quickly covere4 by Ihe miercuiy 
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in<5tead. The sulphuric acid formed behaves ts’ it did. in 
the DanielVs battery (§ 20). ^ 

Th§ .action may be symbolically represented as follows : 
Before contact— 


** Zn^ {{2^04) 1^2^04 I ^^2^04) C* 

• • 

• After contact— 


ZnS04, HiSO;, h;S04 I Hg^SO^ HgC. 


The .strength of current obtained from this battery is 
considerably in excess of that from a Daniell’s; the latter is 
about two-thirds of the former. So long also as the battery 
is not heavily worked the current is constant; but if used 
oh a busy wire, the battery labours under the same disad¬ 
vantage as Leclanchd’s. The hydrogen is given off in too 
large quantities to admit of its place being wholly taken by 
the mercury; the consequence is tliat some of the hydrogen 
adheres to the negative element; polarization of course ’ 
ensues, and the constancy of the battery is interfered with. 
This combined with the expense incurred in its maintenance, 
on account of the high price of the mercury salts, prevents 
the battery from being employed to any great extent in 
telegraphy;.it was tried in England, bi4 had to be aban¬ 
doned. 


37. In Germany the batteries mainly m use are Meidin- 
ger’s and Siemens and Halske’s. ? ^ 

Both of these are modifications of D jntell’s battery, and 
have the same object in view, viz., to-, prevent as far as 
possible the deposition of copper hy the 

diffusive action described in § 23, 
the local action due to the impurities inT^llinc. 

Meidinger discarded the porous diaphragm altogether 
' and relied upon the effect of gravity for keeping apart th^ 
l^^ids employed in his form of battery. ^Previous, howev^, 
to-gpipg.into this, it will be advisable to glance at 
gem^ principles tl^ so called * Gravi^' batteries* 
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Gravity Battery, 

It has t been already mentioned that two liquids 
varying in specific gravity possess the poiver of diffusing 
into each other, and ultimately forming one mechanical 
solution. Graham showed that (his process of diffusion was 
an extremely slow one, and Tick advanced the now univer¬ 
sally-accepted theory that^ the rate of diffusioi\ among 
different liquids varies inversely as the square root of tl.eir • 
specific gravities. Advantage has been taken of these facts 
' in the arrangement of a galvanic battery, in which the porous 
partition is dispensed with altogether^ and the liquids are 
kept apart by the force of gravity alone. A copper plate is 



placed at the bottom of the vessel (fig. la), and over it a 
saturated solution of copper sulphate. A less dense solution 
of zinc sulphate in which the zinc plate is immersed is 
placed over this. The connecting wire leading to each 
succeeding cell is covered with india-rubber or gutta-percha, 
to protect it from the free acid formed in the action of the 
battery. ^ 

Such is the pr^i^ple of all the gravity batteries; unless 
aided by some mi^chamcal contrivance it has not proved 
ja success. Absolute rest, so that the liquids may^^ot be 
shaken up together, is indispensable for their working; and 
even w^n this condition is fulfilled, the waste of zinc and 
doppefi*^ sulphate which takes place is far greater than in 
the case of the ' ordinary * Danieirs tottery. 
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38. Sir William Thomson, availing himself* of the feet 
that a saturated' solution of zinc sulphate is ^considerably 
heavier, than a saturated solution of copper sulphate (the 
specific gravity of the former being 1*44, that of the latter 
i-i8), has produced a form of gravity battery in which the 
order (Jf the elements is th« reverse of that described ' 
above. I'hc zinc plate is immersed in a saturated solu- 
^tion of zinc sulphate, which is placed at thp bottom of 
the vessel, and diminishes in strength upwards ; over tins is 
a saturaj^cd solution of copper sulphate,* in^W'hich the 
copper plate is laid. The objections to this arrangement 
are tiiat the zinc sulphate is found to gradually i^etrate 
the entire liquid ; in course of time the copper which is 
precipitated from its sulphate, falling on the zinc plate, 
entirely covers it, and when the zinc plate has to be re¬ 
moved for the purpose of being cleaned or replaced by 
another, this can be done only by disturbing the entire 
arrangement—that is to say, the solutions become mixed, 
and must be made up afresh before the cell can be restored 
to working order. By ingenious mechanical contrivances 
Sir William Thomson has, to a great extent, surmounted 
these difficulties, and brought out a battery whose use for 
some special kinds of work has been attended with excellent 
results, but which does not appear likely to be adopted as a 
practical telegraph battery for speaking purposes. 

39. Returning now to Meidinger’s element, it consists of a 
glass cell of the shape shown in fig. 13, containing a smaller 
glass vessel inside it and resting on its ^ottom. Into the 
latter a copper cylinder is placed; to,'^ a copper wire, 
covered with gutta-percha, is attached, .adp thence passes to 
the next cell. Into the cell a zinc c3/iii3er is inserted ahd 
suppoalfed upon the projecting, edges. A Wooden lid covers^ 
the^whold, and through an aperture cut in its centre a glass 
vessel in the form of a test tube, with a few holes perforated 
in the bottom of it, is suspended, and reaches about half 
way down into the^smaller vessel 

* D 
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Siemens and Halskds Battery, 


This eltaient is set up by hlling the test tube with crystals 
of the copper sulphate, and the vessel, up to within about a 

quarter of aij inch of 
the . top of the zinc 
plate, with a solution 
of the magnesia sul¬ 
phate (MgS04. iCp-* 
som salts). The cop¬ 
per sulphate, after 
dissolving, ^ passes 
through the holes in 
the test tube, and from 
its greater specific 
gravity settles at ,the 
bottom of the vessel. 

• The zinc and mag¬ 
nesia sulphates, being 
specifically lighter, 
^ Fic. 13. ith real 9iz«. remain oh the surface 

until, by diffusion, they gradually mingle with the copper * 
sulphate; it then becomes necessary to re-charge the cell. 




In this, however, as in every 
other form of gravity battery, 
it is essential that the solutions 
should remain undisturbed, and 
every precaution be taken 
against rfieir being shaken up 
and thereby mixed with each 
other. 

40. In Siemens and Halske’s 
form of Danieirs batteryyv-the 
main point is the sub^tufion 
of specially prepared ^per ^blp 
in place of the porous earthen^ 
ware or ttnglazed porcekifi pai^ 
tition of the Quinary 
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Callaud's Battery, 

One of these elements is sboi\Ti in fig. 14. a is f gl^s ves¬ 
sel, at the bottom of whicli a cross of sheet coppejFof the form 
K is placed ; over this stands a tube, c, of unglazed porcelain, 
having its lower part widened out bell fashion. Into this tube 
a supply of crystals of the copper sulphate is placed and water 
filled in. • The glass vessel is pgcked as far as c with the 
^aplr i)ulp, which in its preparation has been treated with 
sul])huric acid, and worked up into a homogeneous glutinous 
mass. This is well pressed down, and over it the i'inc 
cylinder z stands, surrounded with w'ater. A copper w'ire, 
covered with gutta-percha, proceeds from the copper plate 
K through the sulphate of copper solution to the next cell, 
where it is attached to a neck cast in the zinc plate similar 
to that shown in the figure. 

These elements of Sieraeu’s and Halske’s vajy in price 
from 2s. 6 d. to 4.f., according to their si«e.> Upon circuits 
offering great resistance they have been found to w’ork very 
w’Hl indeed, and they are universally employed at the stations 
upon the Indo-European line between London and Teheran. 

41. In America, (irove’s battery was largely employed, 
and is still made use of to a considerable extent on the main 
wires betw’een the leading offices ; but it is Blow being rapidly 
pLislied aside by a modification of Daniell’s battery, knowm as 
the Callaud, introduced in France, and niiich used in- that 
country. This is purely a gravity batteryy?having the solu¬ 
tion of copper sulphate and the copper pljjtte at the bottom 
of the vessel; over this, when the elen^t is «.t up, is 
l^laced pure water, having the zinc plate^suspended in it 
by means of small zinc hooks fixed to the wiesofthe vessel. 
This form, if frequently examined, works ijay well; but, in 
common with all its class, it requires vei^careful handling 
and tre^ment. >. 

Other Modifications of the Danic^ll, u5e<| in America are 
thpse luiown as the Lockwobd (in whiieh ttie copper element 
coiisists of two flat spirals of wire united with each other) and 
the Ikltimore, having a glass tube reaching nearly to the 

* • D 2 
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bottoorof hie jar, for the pur])ose of supplying copper sul¬ 
phate when^reqiiired. 

Another battery lately introduced in America ig named 
from its inventor the Eagle's Battery. The distinguishing 
feature in this is that the containing vessel is formed of lead, 
which is made to play the part of the negative eleiwent, zinc 
being as usual employed for the positive; the battery is saidT 
to give ver). fair results. 

42. In India the Minotto, which is perhaps the bes't 
known and one of the earliest forms of gravity battery, is 
employed. 



Kic. 13. ylh leal si/e. 


It consists of a round earthenware glazed jar, in the 
bottom of which is placed a circular copper disc with three 
holes perforated in it, as shown in fig. 15.* Into these holes 
is slipped the conductor, of an insulated copper wire, which 
has been stripped of its covering for a distance of about 2^ 
inches. This is then well hammered into the copper plate 
so as to ensure perfect metallic contact without the einjiloy- 
nient of solder; were solder,made use of, local action would 
speedily ^sue. Over the copper plate is packed from 
eight to/twelve ounces of the copjicr siilpliate, and above 
this i^'placed a piece of linen or blotting paper. Next comes 
oi'kftrer^f moistened sawdust, or, in the event of sawdust 

•r ^ .k 

' The zinc plate is usually flat. 
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not being procurable, of clean river sand, which is to be pre¬ 
ferred to the sea sand. This is likewise covereefwith a j)icce 
of blotthig-paper, iiiion which finally rests the zinc plate, 
fitted with a brass contact piece, as shown in fig. 15. The 
insulated wire, whose conductor has been firmly welded into 
,the*copper i)late, is led up through the copper sulphate 
and the layer of sawdust or sand, which is tightly pressed 
down, especially around it; it is then attached to the zinc of 
the succeeding cell. The whole is filledUip with clean water 
to a height of about an eighth of an inch above the level of 
the zinc jdate. 

The I'onnecting wire should be very c.arefully examined, 
and rejected if the trace of a flaw in the insulating covering 
is detected. No covering of tape should*ever be eni])loyed, 
for the moisture sj)reading m lime wholly over it, plays the 
part of a return wire, and places the cell on ‘ short circuit.’ ’ 
To prevent local action between the zinc plate and the brass 
contact piece, it has been found advisable to apply a coating 
of ('oal tar and resin to a ])oint some little way above their 
junction. 

This form of batter)' has been employed for many years 
in India, and has given every satisfactionj the number of ceils 
in use at almost all the offices is compamtively so limited 
that they can all receive daily attention; and if the froth 
generated in the action be then drawn off jtnd replaced by av 
little pure water, the cells will continue at work for a vcr\' 
long period. From eighteen to twenty motjths is the average 
life assigned to them; and it is stated that upon what are 
important lines they la.st sometimes for tw<<^ years; and upon 
local lines, where little work is done, for aM long as thirty to 
thirty-two months. 

No other form of battery is used in India for speaking 
circuits. None but some other modification of the Daniell 
could successfully compete with it; for the means of transit 

' A cell is sai<l 10*136 on ‘ short circuit ’ when the plates are directly 
connected by means o(a cqpductor. « 
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are generally so slow and expensive Uhat considerable in¬ 
convenience might arise wefe any materials emj)loyed in the 
battery which do not form a portion of the general stock-in- 
trade of the country. The copper sulphate possesses this 
advantage in being an article of commerce ; it is manufac¬ 
tured amongst the natives^by whom it is largely Employed 
for medicinal purposes, and it can be procured at very snort 
notice whenever the necessity arises. , 


CHAPTER IIL 

SIGNALLING INSTRUMENTS. 

43. Telegraphy is the art of conveying to distant points 
die first elements of written lantjuage—either letters or nu¬ 
merals—by certain preconcerted signals; and the formation 
of these signals, by means of the action of currents of elec¬ 
tricity upon permanent magnets, upon soft iron, and upon 
electrolytes,* forms the next portion of our subject. 

44. Telegraphic signals are either visible or audible. 

Visible signals, again, are either permanent or transient \ 

in other words, they are either recording or non^recording \ 
and they differ from each other either in form or position. 

Audible signals, on the other hand, are always transient 
^d non-recording \ they difler from each other in tone or 
duration. 

Hence we have different systems of telegraphy in which 
the signals are registered in di^erent ways, and the currents 
do their work in different methods. 

A. The Needle System. 

45. The needle is a visible system with transient or non¬ 
recording <s^nal& It takes its name from the fitbt that the 
alphabet is formed by the vibration of a small pointer or , 

^ {^^^^ectrolyte is any comfKiand'substance which'in solution, is 
capapepf being decompos^ into iu consiitui^nt elemenUby the possctfe 
through it. ‘ . 
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Fig. i6. 


needle^ movable between two fixed stops, n s, fig. 16, is such 

a needle, movable in the plane -- 

of the paper about 'its centre 
c, the distance of its motion 
being restricted by the stops a 
and^A This needle is ca{mble 
of receiving two distinct mo- 
pons, the one to a and back, 
and the other to ^ and back. 

Its normal position is vertical. 

In the earliest needle system 
five of these movable pointers 
were employed; the number 
w^as afterwards reduced to two, and this has been gradually 
superseded by, and now all but universally abandoned in 
favour of, a needle system where only one pointer is eniployed, 
and which therefore goes by the name of The Single Needle 
System. 

'4U 'Since we have a motion to the right and a motion to 
the left as well, we can combine these two' motions*in any 
order or number we 
jdease, and so form a 
series of preconcerted 
signals which shall repre¬ 
sent the alphabet. Thus, 
taking those letters which 
are most frequently used 
—viz. e and t^one mo¬ 
tion to the left is the 
letter e, one motion, to 
the right the letter t; 
and, taking those letters 
least dsed—viz. x and z 
-wifcmolion to theright, “'*• 

two fbotions to the. left, and one niotioir t6 the right, reprc- 
sent^; two motioni to ^he right and two tO the left represimt 
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Dejlectimi of Needles. 


z. All the^ oth6r letters are similarly formed of two, three, 
or four confbinations; and thus, with a maximum combina¬ 
tion of four movements of the needle, the whole of the 
alphabet can be formed. The manner in which the alphabet 
is made is show^n by the above diagram (fig. 17), the little 
stroke , representing a motion to the left and the longer 
• stroke / a motion to the right. 

47. 7 ’he motion of the needle is j^roduccd by the mutual 
action of currents and magnets. Electricity and magnetism 
are so intimately related to each other that by many they 
hre thought to be only different phases of the same agency. 

. Thus the motion of a magnet alw^ays produces electricity; 

' the transference of electricity always produces magnetism. 
The neighbourhood of a current is, in virtue of this fact, 
a ma^tetic field —term introduf?ed by Faraday to denote 
the entire space through which a magnet diffuses its in¬ 
fluence—and a magimt or piece of soft iron placed there 
is influenced by the magnetism of t hat field. 
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Thus, if the wire a b , fig. 18 , 
is traversed by a current in the 
direction shown by the arrow, it 
is surrounded along its whole 
length by a magnetic field ; and 
if it be dipped while in this con¬ 
dition in a mass of iron filings, 
these filings^ will cluster around 
the wire, and adhere to each 
other in the manner shown in 
fig. 19. ^ 
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This is due to the fact that each little piece of ^ron acquires 
magnetism, and assumes the direction with respect to the wire 
which its polarity imparts to it. If a freely^uspcnded magnet 
be placed in this field it will itself move in a certain direction, 
which is dependent on the polarity of the field. If in fig. 
the wi^e a b, at any distance ^ were conceived to be sur- 
nfijnded by a ring of little magnets, all freely susjjended by 
their centres, they would assume the positions shown in the 
figure, with all their N poles turned in one direction and all 
their s poles in tiie opposite direction. If their n poles were 
free, they would move in a circular path or orbit around the 
wire, in the direction shown. Hence we can conceive a wire 
conveying a current to be surrounded by a series of con¬ 
centric tubes of magnetised matter, each formed by a series 
of concentric rings of magnetised molecules whose poles 
are all tangential, or at right angles to the wire. Such a 
series is shown in fig. i 8 a. Thus, if a magnet be brought 
within the neighbourhood of the wire it will be acted upon by 
the directive power of -these imaginary magnetised molecules 
and tend to place itself at right angles to tKe wire, and always, 
under‘the same circumstances, in the direction shown by the 
little magnets in fig. iSa. ^Ve have conceived the current 
flowing in the direction ab. If it flow in the reverse direc¬ 
tion, BA, the polarity^.of the field will Ije reversed (fig* 20). 
Hence a current in ttoe direction wjll cause a magnet 
siisjiended above it to deflect to one sid^ and in the opposite 
i direction to the other side, and whert^ver the magnet is 
placed in the direction of the wire, it will always tend to 
form a tangent to a, circle having tha|' wire for a centre. 
There is no difficulty in remembering mis direction of de- 
flection. If you look at the face of a watch and conceive 
the. current going from you, the N poles will all be * nega¬ 
tively rdtated,’ (fr moved to the right, like the hands of the 
watch. The energy of this action between a current and a 
magnet, ^epends .^pon .the strength of :yhe current passing, 
upon the strength of the poles of the magnet, upon its posi- 
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tion and wei^t, and upon the distance between the magnet 
and the wire.'* The strength of the acting current upon,the 
magnet can be pr^tically multiplied at wil!. 



Fig. 3a 


If the wire take a turn round the magnet, as shoam in 
hg. 2 If it will be evident, on a little consideration, that the 
directive action of the current as it passes below the tnagnet 
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is^ the added to, that of tfii^:purrient as k 

abov^lljl^^teet ^%e eff<^t of the curr^b|. Ibovfe the 
is, uiili^^d^icated by the additional tfirttf . "'H^iM^e the 
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is triplicated in fig. 21. Thus, by multiplying tfte number of 
turns we multiply the effective action of the* current upon 
the magnet. In this way we have the tpeans of rendering 
sensible the presence of the weakest possible current, and 
we can, by varying the direction of the current, vary its 



directive influence upon a magnet suspended along its. 
length, so as to make it move either to 4^ or to cd (fig. 22). 

48. The single needle instrument is based upon these 
fundamental facts. " 


There are t wo fo nns of the single needle instrument in 
general use, viz. the drop-handle and t|ie pedal -or tapjjer 
form. The essential principles of eacS are precisely the 
^same; the only difference between them lies in the me- 
chaniffli of the mani pulat or or sendpg portion of the 
instrument. ^ | • 


Fig* 23 gives a view of a tapper form of instrument, 
and 23(7 of a drop-handle single ne^le from which the 
external^ coyeri^ has been removed. ' a is the receiving 
portion of the ^paratus. It consisits pf two ivor y bobbins 


woitn^with fii^ silk-covered copper wife, sgid'placed sym- 
m<?t<i^Uy with respect to a small magneric needle fifee 
td'iiiibvb inidde itfonu Chie end of the ceils of wire is 
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Single Needle insirnment. 

connected to line, the other to earth. Moving upon the 
same axis as this small magnetic needle is a steel indicator 
on the outside of the dial, fig. 17. The motion of this in¬ 
dicator is regulated by two small ivory stops placed at a 
distance of about half-an-inch ai)art upon a dial which 
is so constructed as to be* capable of rotation u^^on jts 



' 4 

coils of wire wound round the tw^o small bobbins, the 
magnetic neCdle inside them will be deflected, and along 
\nth it the indicator outside. The direction of thig deflec¬ 
tion, whether to right or to left, will depend solely upon tiie 
direction ra which the current Is passing. The two coils are 
wound ^me distinct from each other ; but one end of the 
wire in each is soldered to the brass tfrat^e, and they thus 














































































































































































Singh Needle Jnstrumaii. 45 

act as if they formed one continuous coil* llie adA^antage 
of this arrangement is that should the wire* in either get 
broken or fused—as frequently happens by lightning—the 
circuit will still remain at work, provided the wire is carried 
over to either of the screws. All, therefore, tliat is necessary^ 
to enable communication to he kept up by this instrument, 
is an arrangement by means of which the magnetic needle 
can be deflected to right or left at will; in other words, an 
arrangement by which the direction of the current passing 
through the coils can be reversed w’hen desired. An in¬ 
vestigation of the mechanism of the commutator, or sending 
portion of the instrument, will show how this is carried out. 

The wire from the copper pole of the battery is attached 
to the terminal marked c, that from the zinc to the terminal 
z (fig. 24). 



^ ^ 



earth. The arbor of the handle d r poi^sts of two parts, n 
and.F, formed of gun-metal, and separated by some'insulat^. 
ing material: ebonite, or more frequently box-wood, 
employed. ^To d a wre leading from the copper temtijki c 
is attached, to f a wife leading to the zinc terminal^^;,* f 
^e two steel sptiijgs, both of which are connected with sepa- 





46 Single Needle Instrument 

rate brass ba'ts, b and b\ in the base of the instrument; by 
means,of one^portion of brass-work b,p is in connection with 
terminal a through the coils, and is in connection with 
terminal b by means of the other portion of brass-work b. 
These two springs press against the ‘ bridge ’ shown at fig. 
24, which maintains the continuity of the line. The half 
of the arbor r carries over it a metallic pin or jirojection 
#//, which when the arbor 4s at rest remains between the 
two springs p and / without touching either; whilst d is 

sirriilarly fitted beneath with a 
pin or projectionwhich when 
the arbor is at rest remains 
between the two pieces of brass- 
work b and b\ and these are in 
connection ^vith p and re¬ 
spectively. 

Let now the handle be 
moved to the left: the \)rojec- 
tion m' of the half t> moves to 
the left, and pressing against 
'■ithe b^s-work ^---which along 
with the^spring p is in connec¬ 
tion with A— brings the copper 
of the battery on to the line- 
wire; at the.saifie moment the 

f » .1|H ^ •* I . ►X -lA 

projection m of the half F is 
thrown to the right, and press- 
ring against the spring ^ 
which with the brass-work b' is 
in cdnnection with y^breaks 
its connection with 5^e bridge and .puts the zinc to earth. 
In this way a ppsitiye,. current jsseiat along the line, through 
l)ie receimg^paratus at the di$^nt starion, defie^ing ^he 
;.n^edle thi^e, retnttiing by Of the earth to. b arid 
trorice to the ainc oLthe battery^ ‘> 

\ Let the tawlle be next turned to i^e ^ht Everything 
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is reversed: the projcctwm «'isT9ow thrown ?nto contact 
with b\ and thereby puts the copper to earth*5 m is mean¬ 
while pressed spring and thus brings the zinc to 

line. Theicurrent may now be regarded as passing along 
the earth through the coils receiving station, deflecting 
the needle in the opposite diia^don to what it previously 
duf, and returning along the wire to . 

A, whence it reaches the zinc 9^ the/ | 

*battery. 

The principle of the sending por- 
. tion of the ‘ pedal ’ or ‘ tapper ^ form 
of single needle is as follows:— 

c and z are two strips of metal to 
which the ‘ copper' and ‘ zinc' of the 
battery are respectively brought f. and 
L represent two metallic springs which 
are in connection with the * earth ' and 
line respectively, ahd which, when at 
rest, press agq^inst z. If now l is 
depressed and brought into contact 
with c the circuit is coidpleted^ and 
the cuprent starting ih 5 m c traverses 
the liae, i^ire and the coils of the rereivip| instrument at the 
distant station, returning by means 6f th^ eari to E, which, 
being in contact with z, is in connection with the zinc of 
the baitery. If, on the other h^nd^ E is depressed after t 
resumes its normal position the direction of the ciurent is 
r^ver^ed, for the copper of the battery i^ rfow to earth and 
the zinc to line; consequently the ne^le at the distant 
station is Reflected in the opposite direction. 

49. The details of the construction of, the pedal arrange¬ 
ment cannot be faithfully represented by',a diagram, but no 
difficulty ^ be, found in coinprehending them’if the prin -1 
ciple stated above is dearly carried in the mind. ' 

50* The single needle as essentially an En^isti insnu* 
ment; it was iitvenied and is stik largely in 
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Induced Coils, 


England, especially upon the railways, where no other form 
of instrument has ever been able to compete with it The 
adjustment of the receiving portion of the aiii)aratu$ is of the 
simplest possible cliaracter; in fact, when .once at work no 
adjustment whatever is reejuired. Any reasonable number can 
be joined up in circuiMipom the same wire without ^ear of a 
com[»laint as to their working, unless it may be that of weak 
signals; and this can be readily obviated by the employment 
of additional battery power. The main defect in the older 
form of instrument was the liability of the small magnet inside 
the receiving coils to be piirtially, sometimes entirely, demag¬ 
netised, and even reversed in polarity by lightning. Mr. 



Fio. 27. 


S. A. Varley has however entirely got rid of this danger, 
by the introduction of w’hat is unquestionably, the great¬ 
est improvement recently effected in this class of instru¬ 
ment. Instead of a small permanent steel magnet a soft iron 
needle, of the shape shown in fig. 27, n s, is employed. This 
owes its magnetism to- the dnHuence of two permanent bar 
•magnets, N S-mid n's', whose like poles are adjacent to each 
other, arid^hich are fi;ced each into a brass frame around 
whichrtfe^we is wound. These btfcr magnets are very seldom 
dcma|gB|Pfeed I>y lightning, except during storms of cxcc^ 
> They, however, lose, their mftghetisni, 
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permanent magnets, after the lapse of time, and ought to be 
remagnetised occasionally. 

51. The principle.of the double ne edle system is iden¬ 
tical with that pf the single needle. Two 3 vires are em¬ 
ployed, and every part of the apparatus is duplicated. The 
alp]if£bet requires fewer combin 9 ,tions, and the instrument is, 
therefore, quicker in its action. 

, It is only necessary to illustrate this system by the 
subjoined diagram;— 



Fic. 28. *th real sue* 


Mtmy hundreds of these instruments still remain in use 
upon tl)e English r4ulways, but they are rapidly being sup- 














































































































































50 Electro-Magnetism. 

planted by tJie single needle, which is much more economical 
and fconvenie'nt in its arrangements. 

B. The Acoustic System. 

52. The acoustic system is, like the needle, a transient or 
non-recording system, but di.'ifers from it, as its nameimplies, 
in the fac't that the ear is made use of instead of the eye to 
interpret the signals sent. There are two forms of instrument, 
employed in working this system, xiz., the Sounda' and the 
Bell 

53. Both these instruments are based upon the electro¬ 
magnetic effects of the current. Inasmucii as the neigh¬ 
bourhood of a airrent is a magnetic field, aijd filings of iron 
placed in that field acquire magnetic properties (§ 47), it fol¬ 
lows that df we envelope a mass of iron filings—or even better, 

a piece of iron itself—with a ring 
of wire conveying a current, every 
filing or molecule of iron within 
this circle will be similarly mag¬ 
netized ; that is, it will be so 
magnetized that similar poles lie 
in similar directions. Let a b (fig. 
29) be such a wire, conveying a 
current in the direction shown,and 
s a flat disc of soft iron. Now inasmuch as eyeiy molecule 
constituting the soft iron disc lies in the'magnetic field of that 
current, it will be pblarized in tlie direction shown at b in 
fig. 30; and as all these molecules have their polarities in 
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•Aft.* \ 


Fig. 30*. 


the direction, the resultant effect is as tl^gh,,^4ssi^wep 
one magnet whose n pole was above, an^’ s pole * 
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the disc. Moreover, if instead of one ring of wire we were 
to surround the disc with several rings, the cuil-ent flowing 
in the same direction in each ring, as sho^vn hy fig- 30^7, 
the effect would be magnified; and if we were to superpose 



Fic. 31. 

• ‘ 

several discs, as in fig. 31, tlnis surrounded with rings, in all 
of which the current flowed in the same direction, the effect 



Fig. 3a. 


wohld^e still fhrther magnified, and we shouldhatfe a pbwa*- 
r^giMt,'-^ Precisely this eflect is produced by 
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winding a helix of wire around an iron bctr or core, and by 
combining two such iron bars (fig. 32) by a Cross piece of 
soft iron /, and surrounding each bar with a coil of silk- 
covered wire, we construct an electrom^net which is power4 
fully magnetized every time a current flows, and udiich there¬ 
fore exerts attraction upon a bar of soft iron or ai^iatijre a 
placed in front of it. The power which this electromagnet 
exerts depends upon the strength of the current flowing, iipop 
the number of turns the wire takes around the core, and upon 
the size of this core. Thus a very powerful current requires 
but a few turns of thick wire to produce its maximum effect, 
while very weak currents require a great number of turns of 
[very fine wire to produce any effect at all. 

• 54. The direction of the poles of the magnet is dcj^endenl 

upon th# direction of the current and upon the direction in 
which the helix is w'ound. Electromagnets are almost 

invariably w'ound with 
the right-handed helix, 
shown symbolically by 
fig- 33> and the po* 
larity due to the dif¬ 
ferent directions of the 
+ current is shown bv a 
and b. Thus, if the 
current flows around 
the iron core in the 
direction of the hands 
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a watch whose face is held before the eyes, the n pole is 
away\from us. 

55.\AVe can make the armature the etid of a lever a b 
(figj^34),Jpivoted at c, and we can limit its play by the tw^o 
adjustaMfl^jScrews and V. We can also maintain the lepr 
position pressing against e by means ofi the 
^ring s, so that w’henever a current passes- 
cqil, whatever its direction may be, the attractid^.. 
^njll^map core overcomes ihe tension of ithe $imng,T 
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and causes the end of the lever b to makea^sharp blow 
against the adjusting piece d and take up the position 



shown in the figure. When the current ceases, the attrac¬ 
tion also instantly ceases, and the lever is pulled smartly 
back into its normal position against c by the action of the 
spring s. The blows made by the lever against d and e emit 
distinct and clear sounds, which are taken advantage of to 
convey to the ear the letters of the alphabet and other pre¬ 
concerted signals. This is the principle of the Sounder. 

I. The, Sounder, 

\ 

( 

56. How can we convert the sdunds tirade by the contact 
of the lever against the two limiting stops?into an alphabet? 
W'e hav'e shown (§ 46) how two motions, a ||notion to the right 
and^a motion to the left, of a vertical needl^ave been applied, 
to the communication of preconcerted ^gnais through the 
eye. If ^ve make one kind of sound to represent the motion 
to the left and another kind of sound to rejpresent the motion 
to the right, we can dP the same thing through the ear. In 
the ^undfi- the sounds themselves are alike, but we can make 
one signal sharp, quick, and clear like the qumfcr note in music, 
and the other signal longer, slower and more deliberate, like 
the in musi(V‘ l^he two sounds made by the lever in 
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striking the^stop pieces d and e (fig. 34), enable us to do this. 
The lever sti*iking d gives the commencement of the signal, 
and striking e the en^ of the signal. The time elapsing 
between these two sounds determines the kind of signal. Re¬ 
presenting the one signal by a dot (.), and the other by a dash 
(—), we have the dot and dash alphabet of Morse. • 

* 57. It will be seen that in this alphabet we have iiftro- 

duced duration as an element of signalling. There is a very 
important element, viz. duration of silence as well as dura¬ 
tion of sound. The alphabet is formed of short and long 
audible signals, dotszxidi dashes separated by variable intervals 
' of silence or spaces as they are called. There are three kinds 
of spaces : the space separating the elements of'a letter, that 
separating the letters of a word, and that separating the words 
themselves. These durations of silence are as necessary as 
the durations of sound to perfect telegraphing on this system. 
Thus sound reading and sending is a method by which time 
is divided into accurate multiples of some arbitrary standard 
or unit—vi|. the dot. 

1. A dash is equal to three dots. 

2. The space between the elements of a letter is equal 
to one dot. 

3. The space between the letters of a word is equal to 
three dots. 

4. The space betw^een two words is equal to six dots. 

The basis of the alphabet therefore is the dot 

• representing the letter.. e 

and the dash 

— representing the letter .. t 

Placing a-dot before each of these elementary charactei^}, wd* 
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Placing a dash before each elementary signal, wl have 

— • n 

— — . m 

Now affixing to each of the above four signals first a dot 
an4 thefi a dash, we have • 

• • • s 


r 


d 

k 

g 

o 


Pursuing the same system with these eight characters, we 
have 


.. V 

. f 

^German) u 

i. 1 

(German) a 

i. P 

^ • 


. b 

% . X 



, , There is also the French accented b • • — • •, but with 
this b^ption no ^letter exceeds four signals. 


































56 The Morse Alphabet 

A comljiiiation of five signals is employed to represent 
the numerals and cypher 

1 

2 .. 

3 • 

4 •• 

5 

6 .. 

7 .. 

8 - 

9 •• 

o 

The stops and other signs of punctuation are made by a 
combination of six signals. 

Period or full stop .. 

Repetition or ?. • *- 

StroJ|e, or the divisional bar ]_ 

of a fraction . 

Hyphen . —^-' 

Apostrophe . .. 

There are many other signals in use, but they are excep¬ 
tional. Some of those indicated above are rarely employed 
in England. for instance, has been abandoned because 
it is so much like ‘ tol 

58. Fig. 35 represents a simple sounder arranged for the 
conveyance of the above signals to the receiver, and is the 
one which is at present generally employed in England^ > It 
is in every^respect the simplest of all the signalling appar^ttis 
in use/a^ simplicity in >construction is ^ great cpnsii^^- 
tion wh^ technically unskilled opendp^ are 'emp}^d> 
pne^^^Js^f the wire of the electromagnet is attached *to a 
' ]^ad||^P[^al hxed in the wooden frame : the other end is 
l^^a^d t 6 a similar terminal. To these same terminals the 
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line and earth wires are respectively, brought. 3 is the anta¬ 
gonistic spiral spring, having one end attached to the lever 




Fk;. 35. ^Lli real size. 

and the other to an adjusting screw, as shown in the figure, 
by means of which its tension maybe increased or decreased 
at pleasure, so as to compensate for the variation in the 
strength of the line current, a and b are the two adjustable 
stops against which the lever strikers, whence the sounds 
that are read are emitted. 

« ^ 

59. The Key ,—How are these current^'of various duration 
sent by the sending fetation? The apparatu^for dping so, called 
a key\ is mlich simpler than that required ii^th^j^'Seedle system, 
because no reversals are needed, airrenps in only OTe.di-' 
rectioB being required. The key (figi 36) Consists of a simple 
brass lever k, which is in connection witll the line wire, and 
Which is pivoted so as to be movable ahjput its centre on a 
brass piece fixed upon an insulating board pf wood or ebonite* 
It is maintained in its normal position by a spiral or bent 
spring not shown in the figure*, causing the back of the key to 
be held in contact with the back stop 3, Which is 4n cohn^- 
tion with earthi thus preserving the continuity of the line 
ivire^and earth. Pne.’pole of the battery is placed in;. 
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connection with the front contact piece. I, ■ the other being 
put to earth. Thus, w'henever the key is depressed, 2 is 
brought into __ 

contact with Xinc wire 

1, and the 

current flows to line. The moment the 
key is raised the contact is broken, and 
the current at the same moment ceases.. 

The duration of the current thus evidently 3 
depends upon the duration of this con¬ 
tact. .These currents pass through the re¬ 
ceiving instrument at the distant station 
and operate the sounder in the manner 
described in § 56. Heiice to send dots 
and dashes by this key it is only neces- 
‘ sary to tap or move it as one would 
• the key of a piano in order to produce 
crotchets and quavers. 

60. ^uch is the sounder in its simplest 
form; and though it is not always pos¬ 
sible to work it in this simple form 
except for very short distances, yet such is the principle on 
which it is constructed and worked. When we have 
described other systems, we will draw a comparison between 
the advantages and,disadvantages of the different plans in 
use, and show why it is that the sounder is gradually supplant¬ 
ing other forms of signalling. 

61. The Relay ,—But as we have said, it is not always pos¬ 
sible to work it in this simple form. As the lines increase in 
length, and the effects of imperfect insulation mak6 them- 
selves fewlhe liiie currents become so weak that they are un¬ 
able tq^jproducd audible signals upon our sounders, or bat¬ 
teries;^^ to be employed so powerful that they do 

good. Some method is then needed tp, 
in l?(»h currents which will make the signals ^udibljcu ;^^"rsis. 
tli% function of t/te Relay^ by which i local battay 4 s"lS»iught 
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into play which wdrks the receiving sounder* in the same 
way as the line current would have done Ifad it been of 
the requisite strength. 

. 62. The, relay is, in fact, nothing more or less than a 
more delicate form of the electromagnet employed in 
the sounder previously descmbed. It is wound with a 
fi^er and longer wire (§ 53); all its parts are more deli¬ 
cately constructed, so that it will move with the weakest 
currents. However long a line may 6e, and however badly 
it may be insulated, as long as any currents can get through, 
so long can relays be constructed to move with those currents. 
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The pnhdple of its opeiatibn is given by fig, 3^, s is the 
etectrotttaghet of the'ojciinaiy sounder wound trith thick wire 
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and giving but Ihtle r€|ista^c<e» and ivifich. therefore cannot 
be worked iy the line current; R is tbcf dectromagnet of 
the relay wound with very fine wire^ and wt>j;ked by the line 
current, b is a local battery whose copper pole is attached 
to one end of the wire of tite ^undejr^ and whose zinc pole 
is connected with the lever of the relay. , The other end of 
the coil of th^ sounder is ^nected wth- lhe upper contact 
2 of the relay. When a- line current passes through r it 
attracts the armature a, brings the lever in contact with 2, 
and completes the laml circuit The local current therefore 
works the sounder, whose armature remains ih contact just 
so long as that of the relay does, and thus every movement 
, on the relay is repeated on the sounder. 

63, There are many different forms of relay. Such a 
one as that just indicated is called a non-polarized relay, but 
it is not much used in England; The forms of relay 
more largely used are called polarized^ because their arma¬ 
tures are either permanent magnets or are maintained in a 
magne^zed condition by permanent magnets. They differ 
principally from the nmi-polarized relay because they are 
affected by the direction of the current, and und^r certain 
circumstances they are far more sensitive; 

‘ 64. Siemejtd Relay. —sectional view of this apparatus 
is shown by fig* 3S;, and a plan of the top by fig. 39. 

N s (fig. 38) is a hard steel permanent magnet^ into a sHtin 
the upper or s en4 of which is pivoted a soft iron armature 
ab^ capable of motion in a horizontal plane about the 
c^itre />, and having a small aluminium tongue c fix^d on 
Hits free end; on the lower or K end of n s restSvhp 
ironi«bar A,^^hich supports, the two . soft iron cores of the 
electromagnet fi; the fciher exiarimities of these are Wrrini- 
nated in the pole jpieces > and Pj (.fig. 39), .which are fixed'by 
screws ai^*can be mowed to and fro at .will d imd 
two contij^ points 'wdmse position can be varied by 
of the adjusting screw u; when the tongue c i>reSses agaiii$|; 
tl;)^ foimer^ the local circuit is comple^ \ >yhe^ diawii agai^at 
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the latter, which terminates in an insulating agate point, it is 
broken. The coil wires of the electromagnet are attached 
to terminals 5 and 6 ; to that marked a a wi)^ from the zinc of 
the local battery is brought—the copper being carried to one 
end of the coils of the instarument which it is intended to 
w^ork, whilst to the tenhinal, here marked b, the further , end 
of the instruiuj^t coils is connected. 

The action of the relay is as follows 

The end N of the permanent magnet n s induces s 
polarity in the bar a and the ends of the cores ne.xt to it, 
but N polarity in the upper ends remote from it and 
terminating in -p P|, both of which are therefore n poles. 
The end s, on the otlier hand, induces n polarity in that 
portion of the armature a b next to it, and s polarity in 
the further extremity, moving between p and p^ (c being a 
non-magnetic metal is irot affected). When, therefore, a b is 
equidistant from p jand P|,it is equally attracted by both, and 
may be supposed to touch neither d nor p'. If the pole p be 
approa^ed nearer to a by it obeys its influence and is at¬ 
tracted to the agate point in d'. This is the position of the 
afmature when the relay is at rest. 

As soon, however, as the line current enters the coils 
from terminal 5p Pj ‘ becomes an electromagnet whose 
N pole is P and s pole P|; the pi ^xisting north polar 
magnetism ofpiscoUsequenUy vefylnuSi mcreasecTr that of 
Pi is'^dn thelJth^'liaBltrgre^ andTlf the line 

current has been of sufficient strength, is entirely neutralized 
or even reversed. The result is that under the influence 'pf 
a ttiore powerfully attracHng force, c is dr 4 wn firom.i)' to-ib, 
and3ireraain$ there so long ,as the line * purrent is flowing, 
retiiiming when this ^oeaseiat. Id' this way the local 
circuit i^.coinple,^, and the instrut^nt ,w6rked ip e^utly . 
the uo^nt^ as though a linf cprcnt of eqttfiS stre|;^h 
taiJEl^of the local currents had been thexcausfc ipris 
by means of a wire pas^n^ through the . ihsid;e of 
tie re1% to terminal b,' whilst a is attach^ to thebr^saiwqrk: 
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of the frame,, and by means of if is placed in direct commu^ 
nication with the armature a b and tongue c ^ 

The adjustment bf the apparatus is extremely simple, and 
consists at the outset of three distinct movements. 

ist. p and Ft are $0 placed that the armature ab shall 
remain as nearly as p'ossible exactly between them. 

2nd. D is next turned so that the armature^ shall have a 
play of about of an inch between d and d'. 

3rd. B is then turned so that the armature shall press 
gently against the insulating stud d'. 

The screw b is the main regulator when the apparatus is 
at work: if from the line cuiTent being very strong ^e dashes 
are continuous or the dots too dong, turn B to the right, 
thereby bringing ^ a little harder on to n'; if this has not 
the desired effect, lessen the power of p by moving it a little 
further back or by throwing pj forward. IF, on the other 
hand, owing to the weakness of the line current, dots are 
lost, turn B to the left, thus bringing a b nearer to d ; and 
if this does not prove sufficient, bring p a little forward and 
throw Pi further back. 

In most instances it will be found that B does everything 
which is required. The simplicity of adji^tment, the little 
likelihood of the apparatus being demagnetised on account of 
the large inducing magnet which is employ^, except after the 
lapse of several years, and the general ccjnpactness of this 
instrument, recommend it for general use. t The only objec¬ 
tion that lias ever been urged against it, is|[hat it is scarcely 
sensitive or light enough for very long lilies, fepid sending, and 
extremely weak currents, on accountof the <|>inparative weight 
and inertia of the mechanism. A rela^ in#ttfact|^d by Mr. 
Stroh leaves little to be desired in point c| delicacy, and is 
we^ adapted for long circuits, although fcif general working 
notinpg ca^ surpass the form which has^b^n described. . 

65. SiroHs Rday.^K jdan of Stroh’s relay is shown by 
fig. 40, and a diagram' of the interior by fig. 47. 

The'essenti^.dilTerei^ce between this form of relay and 
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that 


, Strolis Relay, 

manufactured by Messrs. Siemens is that the large 
‘ permanent inducing magnet 

> of the Matter is dispensed 



with, and in ptace^of the in¬ 
duced armature a light per¬ 
manent compound magnet is 
employed. T his is shown in 
fig. 41. 

Two small permanent 
steel magnets, n s #and n' s', 
of the form here given, arc 
placed with their opposite 
poles adjacent to each other, 
they are fixed in metallic 
connection to a steel axis 
A B, and are movable along 
wfith it. 

The electromagnetic ar¬ 
rangement likewise differs 
from that in the Siemens’ 


rcltiy y the two cores instCtid 
Fio.,0. by a piece 

Of soft iron and thus forming one ’""“J 
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brass, and become 
whlen magnetised 
.by the current two 
distinct .bar mag¬ 
nets, whose unlifcfe 
poles, owjngtothe-. 
wire being wodnd 
in, different date- 
tions, ate bppe^ed 
to each dther.'* 


end <*f fJfo:'axis of the cortpound wainet ^ 
HSi^o.the brass bar; the upp«r end nifotl^ b««s^t(^- 
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of the apparatus. The two contact points betwein which the 
upper extremity of the longer magnet plays are shoun in 
fig. 42; they are each 
fitted with a steel spring 
s and s', whose position 
is regulated by two small 
scr^s. The electrical 
connections are the same 
^almost as in the Siemens’ 
relay ; to^ teiminal 5 (fig. 

40) one end of the coil 
wire is attached, die other 
to 6. The local zinc is led to L z, and from there it goes by 
means of a wire inside the covering to the brass work of the 
instrument, with which the compound magnet, as already 
observed, is also in connection ; to M comes the wire from 
the instrument which the local current is intended to work, 
and this is continued to s' (fig. 42). When the apparatus is 
at rest, and no current is circulating through the coils of the 
electromagnets, the end N of the compound magnet is ad¬ 
justed to press against s, but immediately the line current is 
received, then the two cores become two powerful magnets ; 
the mutual attraction and repulsion between them and the 
two small magnets forming the compound magnet cause the 
end N of the latter to be drawn from s to s', and take up the 
position shown in fig. 42. N being in collection with the 
local zinc and s' with m, the local circuit is|thus completed. 
Immediately the line current ceases to flow, n falls back to 
its normal position against s. | 

• 'fhe double action of the electromagnet upon the com¬ 
pound magnet, combined with the compard^ve lightness and 
ease of motion of the latter, enables this relky to be Worked 
with very delicate currents, especially when the double current 
system (§ loS) is employed; the small play of the magnet 
between the contact points is likewise of advantage where 


N 
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The Bell 


fast speed instruments are employed, and in these cases it is 
now coming to be generally adopted in England. 

In one important respect this Stroh’s relay is decidedly 
inferior to the Siemens’;—the light compound magnet has the 
advantage of quickness of motion, but it is obtained at the 
expense of safety in working and of permanency of magne¬ 
tism. Lightning frequently demagnetises, or even revei^es, 
the compound magnet in Stroh’s relay : no case has ever 
occurred, in England at least, of this happening to the magnet' 
in Siemens’ relay. Also the little magnets soon lose their 
magnetism if worked in connection with either of the systems 
described. 


2 , The Bell, 

66 . With either a Siemens’ or a Stroh’s relay sounders can 
be worked at any distance, and in England through any 
weather. The sounder was introduced in America, and it 
has there supplanted all other forms of apparatus. It is also 
almost univ%sally employed in India. But the earliest form 
of acoustic instrument introduced into England was Bright’s 
Bell. Two bells* of different tone are used, the hammer of 
one being actuated by currents in one direction, and that ol 
.the other by currents in the other direction. The sound ot 
lone bell corresponds to dots, and that of the other bell to 
jdashes. The sending apparatus is the same as in the pedal 
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single and relays and local currents are needed. 

'rhe^tesSumentt is very quick in its action, probably the 
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The Morse System, 

quickest non-recording instrument extant, but it is eompH- 
cated in its construction and difficult in its adjustment 
compared witli the sounders. It is rapidly being supplanted 
by its fitter opponents. Its general construction is shown 
by figs. 43 and 44, the former being a back view of the relay. 



Fic. 44. ph real size. 


67. In the instniments which have |ieen described the 
signals have bden transient, and have li^t behind them no 
permanent record for reference. We hai^ now to deal with 
recording instruments in which the signal| are permanent 

The simplest and earliest of all is the * Morse' recording 
instrument, so called from its inventor. 

• C. Morse System. ‘ 

68, The Embosser ,—The first form of Morse recorder 
was the Embosser, shown by fig. 45. 

The radical. pr^nd|)le is exactly the same as that of the 
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Morse Recorder, 


sounder, which has l^een already described. The recording 
airangement’is purely mechanical, and is as follows:— 

E e' are the coils of the electromagnet as before, o the ar¬ 
mature. To the latter is attached a lever movable around an 



axis, and carrying at 
its further end a 
small steel style s. 
When the armature, 
is attracted, and with 
it the end of the lever 
drawn down, this 
style is thrown up¬ 
wards and pressed 
against a strip of 
paper p. This strip 
of paper is made 
to unwind itself by 
being passed be¬ 
tween two friction 
rollers ww', which 
are set in motion 
by the action of 
clockwork. In the 
upper roller and 
just over the style 


is a small groove, into which the paper is pr^essed so long as 


the armature is attracted. A mark is thus embossed on the 


upper surface of the paper, which will appear in the form of 
either a dot or a dash according to the time that the<anna- 
turc has been held down, and the style elevated ; these, it 
will be seen, correspond, to the short or long sounds in the 
simple sounder. 

69. The reading of the signals made by the embosser is 
so ^tiguing to the eye, that the instrument has now been 
entirely ^^upplanted by the more modern form of recorder, 
viz. tl»e l^-Vmter. The first instm^enf of this description 
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was invented by Thomas J ohn, an Austrian^ engineer, in 
1854. The main object which he had in view was to reduce 
as far as possible the force which was required to drive the 
style on to the paper before the marks cpuld be distinctly 
recorded in the embosser. He succeeded in doing this by 
substituting in place of the style a small metallic disc, whicli 
was kept constantly revolving in the inking fluid, and which 
was pressed against the paper as it unwound itself, according 
to the time that the armature of the electromagnet was held 
dowm. .All the ink-writers which have been brought out 
since 1854 have been simple modifications of this idea, and 
the most perfect instrument which is now in use is only a 
mechanical improvement upon John’s original principle. 

Various arrangements have been tried for the purpose of 
increasing as far as possible the delicacy of the apparatus. 
'Fhe best is that which was introduced by Messrs. Siemens 
and Halske, and is now almost universally employed 
wherever recording instruments of this class are in use. 



Fig. 46. Jth teal size. 


Fig. 46 shows one of the latest form^ of these, and fig. 47 
gives a section of the electrical portion of the receiving 
apparatuV 

70.- The Ink-writer .—e (fig. 47) is the electromagnet, 
which is worked in the same way as - the sounder, already 
described; f is ^the armature \ s is the antagonistic spring, 
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Siemens' Ink-writer, 


whose tension may be increased or diminished at will by 
means of the screw c. To f is attached the lever /J mov¬ 
able upon the axis at g and canying the small disc i at one 
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end, whilst the other end moves between the two points 
marked 2 and 3 : either of these two points may be raised 
or lowered at will by the adjusting screws a and n; the 
disc I dips into a reservoir of ink. The paper is wound 
upon a roller fixed in a drawer in the base-board of the in¬ 
strument, and its path is indicated in fig. 46. It passes 
between two friction rollers, which are set in-motion by means 
of an ordinary clockwork arrangement, which is enclosed 
in the case, and is liberated by the movement of a switch. 

In addition to moving the friction rollers this clockwork 
arrangement also causes the disc t to revolve in the op¬ 
posite direction to which the paper runs, in the ink-well, and 
in this way j is kept constantly wet with ink so long as it is 
required. ; :Ji^hen F therefore is kept down for a short space 
of thrown momentarily up against the paper 

striprecords a dot upon it: a dash in like manner is 
ix I* is kept down for a longer time. 





Adjustments, ^ •ji 

The paper which is employed slij^I.tly coloured, and is 
cut into strips of about half an, incli 'in width : the ink is 
ordinary printer’s ink of good quality, diluted with olivc-oil 
from which the stearine has been removed by freezing. 

71. This instrument has four distinct and separate ad- 
jusjroents^ 

1. Screws a and b, which regulate the play up and down 
*of the armature f, and therefore of the inking disc i. 

2. Screw c, which regulates the tension of the anta¬ 
gonistic •spring s, tightening or slackening it as may be 
required. 

3. Screw D, which regulates the distance between the 
poles of the electromagnet E and the armature f, by raising 
and lowering the coils, so as to increase or diminish at will 
the attractive force between the two. 

4. Screw G, which regulates the position of the inking 
disc, with respect to the paper and armature. 

It is regulated for working thus :— 

I. {a) The screw b is first adjusted, so that the disc r 
gently touches the paper without jnessing it too hard 
when the brass stop / is placed rn contact with the stud h. 

If the disc presses the paper too hard, it makes thick 
and indistinct signals: if it'presses too light it causes tlu* 
disc to jump and signals to split: th^is — may become 
— or-. \ 

(h) The electro-magnet is then railed^ by turning the 
screw D to die right, so that when the^ brass stop f rests 
upon the raised stud the poles jus^ clear the armature 
without actually iotiching it, , I 

A thin streak of light* should be-fseen between the' 
armature and the poles of the electro-m^net. 

(c) The screw A is next adjusted so ^at the brass lever/ 
M allowed to move through a space of about iV of an inch. 
A and B together so regulate the play of the inking disc that 
while it just dips into the ink-well it also gently presses 
against the paper^eo as to mark it clearly. 



72 , Adjustment of Ink-writer, 

II. The screw c is now adjusted so that the tension of 
the spiral spring s is just sufficient to bring back the arma¬ 
ture to its upper position of rest when the ctirr^t ceases to 
act, and to overcome the effects of residual ntagttetism, if 
any exist. The amount of tension required varies with 
each instrument. The letter V generally should be sent by 
the distant station, using very low power, and the spring 
gently tightened until the marks are clear and distinct. The 
ear is usually the best judge of this adjustment. 

The instrument is thus regulated to work with the most 
delicate currents. 

III. I'he coils are lowered by means of the screw d until 
a s])ace of -J- of an inch separafes the armature from the 
electromagnet, and the nearest station should send V’s with 
full power, and the coils should be raised until marks are 
distinct and clear. 

The instrument is thus placed in a position to work with 
every current sent, viz. with the strongest current from the 
nearest stSion, and with the weakest current from the most 
distant station, provided there are more than two stations 
upon the same wire. 

IV. The intermediate adjustments are made by the screw 
n, and as the currents vary so must the distance between the 
amialure and the electromagnet be varied ; hence the only 
adjustment necessary to meet currents of different strength 
from different stations, or from the same station, during 
different states of the atmosphere, when once the instru¬ 
ment has been placed in working order, is that effected by 
the screw d. 

(a) If, w'hen a station is working, a continuous mark k 
made upon the paper, or signals run into each other, thus^^ 
—'■■■ p■ u (usually the result of a powerful current), the qot^' 
diould be lowered by means of d until marks are clear and 
distinct.' ' ■ , 

If marks should still run together v^hen the coils are 
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as low as they can be, then the antagonistic spring must be 
tightened up. 

{b) If marks fail (dots are lost, and letters become 
illegible—faults arising from some weakness in the cur¬ 
rents), the coils should be raised until the signals become 
distinct. 

If this should fail to obtain the desired result, then 
jthe antagonistic spring must be weakened; as a rule, the 
screw D is found sufficient to meet all the requirements of 
acijustniont; and when once a, b, and c have been fixed 
they rarely require alteration. 

D, however, requires to be altered very frequently, and 
where several stations exist on the same circuit a different 
«ndjiistment is often required for each. 

V. {a) The ink-reservoir should never be too full, other¬ 
wise the apparatus is apt to become clogged with ink—a 
result that indicates great carelessness. 

{f>) The communication between the ink-reservoir and 
well becomes frequently choked >vith coagulated ink after 
disuse. This should be cleared with a piece of wire. 

{c) The ink-reservoir must be frequently cleaned out, 
and the ink never left in for any length of time. When the 
day’s work is over the paper should be j^ken out and the 
instrument should be allowed to run dowm, to prevent the 
weakening of the main-spring. 

-''j 

c. 

\ 

D. Bain’s Chismical Markins SysraM. 

72. In the previous instruments emp|)yed in recording 
the dot and d£|,sh signals, electromagnet^m has been used; 
but Bain, in 1846, devised an instrument^by which the same 
thing was done through the electrolytic effects of the current. 
Whenever* a current passes through an electrolyte, that is, a 
liquid capable of being decomposed into its constituent 
parts, the acid element appears at the one pole, and the alkali 
element at the other. ^If the liquid be coloured with any 
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vegetable product, such as red cabbage, its colour will be 
changed at the two poles. If a piece of paper be soaked in 
a solution of potassic iodide, iodine will appear at the positive 
pole, or that in connection with the copper, and potassium at 
the negative pole, or that in connection with the zinc. The 
former produces a brown stain upon the paper. If this paper 
so soaked be drawn beneatli a platinum point, a brown line 
will be drawn upon it as long as the current flows througii it 
in the proper direction. Thus we can form marks by the cur¬ 
rent and spaces by the absence of the current. Baii^ did this 
in the following w^ay (fig. 48). a is a brass drum, whose cir- 
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cumference is tinned, and b is a smaller wooden roller, press¬ 
ing the paper p against it; motion is imparted to this drum by 
clockwork, so that the paper adhering to it is drawn beneath 
the piece of wire or style 3, which is maintained in its position 
by the clip o. The metal point is in connection with the line 
wire, and fhc brass dnim a is in connection with,the earth, so 
that when a cuirent flows from the line to the earth, io^dihje 
appearaat the point and leaves a brown line upon the paper. 
Dots’dashes can thus be made, and we possess all the 
eleniimti^tifa Morse telegraph. 


































































































































































































C/icAiical Solutions, . *7< 

75. The solution usually employed in practice is com¬ 
posed of one volume of the saturated solutioh of potassic 
ferrocyanide (prussiate of potash), one volume of the satu¬ 
rated solution of ammonic nitrate, and two volumes of water. 
The ammonic nitrate is a deliquescent salt,^ and is used to 
keep the paper damp. The style is of iron or steel wire. 
When a current flows from the line through paper soaked in 
tj^iis solution it decomposes the electrol)rte, the acid radical 
unites with the iron, and forms Prussian blue. Thus dots 
and dashes can be formed in bright clear blue. The follow¬ 
ing is a sensitive and useful solution :— 

I part potassic iodide, 

20 parts starch paste, 

40 „ water. 

74. The instrument is worked by a key in precisely the 
same way as that described for the sounder (§ 59), but it is 
essential that the direction of the current be attended to, for 
if it flows in the opposite direction no mark is made upon 
the paper, 'fiius a Bain's instrument must always be 
worked with the copper pole of the battery attached to' 
the front contact of the key. 

75. Although relays have been used in' connection with 
this apparatus, the solution can be made sufficiently delicate to 
be decomposed by tlie weakest currents. It is not in prac¬ 
tical use at present in England, excepting ffor experimental 
pmposes, for which it is invaluable; but it ii so sensitive, and 
it can register its signals with such marvellcKis rapidity, that 
as rapid telegraphy becomes more essential it may probably 
come again into favour. It was at one tim0 the only form of 
recording instrument in u^e in Pmgland. |t was supplanted 
by the Morse'recorder, which was less liable to get out pf 
order^nd wliich avoided the troublesome operation of prepar¬ 
ing paper chemically. In Bain’s original instrument a sheet 

' * A deliquescent salt is one which i.s capable of attracting moisture 
from the atmosphere an4 becoming liquid. 
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of the paper was fixed on a flat horizontal rotating disc of 
metal, and the metal point moved from the centre to 
the circumference, so that the dots and dashes were made in 
a spiral curve. Many ingenious applications of this principle 
have been attempted by Bakewell, Bonelli, Caselli, and 
others, but descriptions of such apparatus do not come 
within the scope of this book, v 

E. The ABC System. 

76. This system, like the needle, is transient or non- 
recording, but it conveys its signals directly to the receiver by 
indicating with a pointer the letters of the alphabet arranged 
consecutively upon a dial. It is the simplest of all forms of 
telegraphic apparatus for reading messages, but the construc¬ 
tion is complicated. The apparatus of this kind in general 
use in England is Sir Charles Wheatstone's, but there are 
many other dial forms in use in other countries, viz., Siemens’, 
Breguet's, &c. 

77. Wheatstone’s abc dispenses with the use of the 
battery, and the currents which are employed to move the 
indicator are produced by the principle of magneto-electri¬ 
city—one of Faraday’s most brilliant discoveries—by which 
currents are produced by the relative movements of magnets 
and wires. 

We have stated (§ 47) that when a current is flowing 
i through a conductor, the neighbourhood of that conductor is 
I converted into a magnetic field. The converse of this is also 
j true, viz. when a magnetic field is projected through, or tra¬ 
verses a conductor, a current is similarly produced. Moreover, 
when a conductor traverses a magnetic field a similar effect 
occurs. Thus to produce these effects motion is necessary, 
I and their magnitude is dependent on the strength of the mag- 
j netic fielded upon the velocity of the conductor acioss it. 
’ Eet N s (fig. 49) be a powerful fixed bar magnet and c 
a movab^ 'hollow coil wound with a quantity of fine silk- 
coWed wife, whose ends are attached to a galvanometer (;. 
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Let the ceil c be rapidly moved over the pole n into the 
dotted position c'—a powerful momentary current will 



Fig. 49. 


traverse- the galvanometer. Let the coil be restored ra[)idly 
to its original posijtion, c—a current of equal strength, but in 
the reverse direction, will traverse the galvanometer. Let 
now the magnet be reversed, and the same movements be re¬ 
peated, the same effects will be produced, but in the opposite 
direction. Again, let the coil be fixed and the magnet be 
movable. If the n pole of the magnet be inserted inside 
the coil, a powerful current will traverse the galvanometer; and 
the same will occur, but in the reverse direction, when the 
magnet is removed. Reverse currents ate generated when 
the poles are reversed. The currents produced by the mo¬ 
tion of the coil over the n pole, or by the insertion of the n 
pole into the coil, are in the same direction as are those 
produced by the reverse action between tfce s pole and coil. 

78. If the magnet, instead of being a ?bar magnet, be of 
the ordinary horseshoe form, and if the co^ instead of passing 
over the eijd of the magnet simply passes m front of its poles, 
the tsame effects occur, though in a somewhat diminished 
degree; but if the inside of the coil be filled with an iron core 
this loss is greatly compensated for, because the field is thereby 
strengthened. Le^ the^coil be moved from c (fig. 50) to c'; 
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as it approaches n a current is induced in one direction, as 
it leaves n a cuireDt is induced in the reverse direction; as 


c’ 


■I It 

As;:j£r.5ls::b 
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it approaches s a current is induced in the same direction as 
the last, and as it leaves s a current is induced in the same 
direction as the first. 



^ 79. Let us take two coils wound like an electromagnet, 

the Wo edtes being connected a jpiece of soft iron. 
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a ht and rotating about their centre c, as shown in section 
by a>nd in plan by hg. 51^; then, as the coil c is 

approaching n, the coil c' is approaching s, and currents will 
be induced in each coil, but in opposite directions. Simi¬ 
larly, when c is leaving n and c' is leaving s, currents are also 
induced, but in opposite directions. It is, however, only 
necessary to connect the wires of each coil together and to 
the line wires in such a way as to enable the currents induced 
in the one coil to flow in the same direction and at the same 
time as tjie currents in the other, to obtain currents of double 
strength. Thus by every complete revolution of th#coiIs c c' 
four currents are induced. 

80. Now instead of making the coils of wire and their 
iron cores (which are heavy) movable, let us fix the cores 
and coils to the poles of the per¬ 
manent magnet, and simply cause 
the light piece of soft iron, a to 
revolve (fig. 52). It is evident 
that while the cross piece ^ is in 
the position shown, the coils being 
stationary, the magnetic field in 
which they are fixed will be 
stationary also; but when the cross 
piece moves into the position a! Uy then the field is disturbed, 
its* distribution is varied, its strength is 'Concentrated upon 
the armature, and the coils may be said to have a mag¬ 
netic field projected through them, wfcch, as has been 
already remarked, § 77, has precisely the same effect as 
though the coils themselves were move|l across the field. 
The currents induced by the approach ;of the cross piece 
to the soft iron cores are found not t<^ be of the same 
strength as those induced by its recession^ nor are they pro¬ 
duced at dqual intervals; but by attaching to each pole of the 
permanent magnet two soft iron cores, as shown in plan by 
fig. 53 and in elevation by fig. 53^, the cross piece is ap{)roach- 
ing on^ core while it is leaving the other, and thus ^e cur- 
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rentf? are equalized m strength and produced at equal intervals. 
It will be noticed that currents are produced by this method 
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without in any way disturbing the continuity of the circuit, 
which in fact is never broken. 



£lit 


Fig. 54. Bottom'view-<''}th real $iz9. Fta $44. Sidie ^ew^'-tth real ajae. 

81. We are now able to comprehend ( Wheatstone^s 
m^ignetOrelecrric ABC apparatus: a general view of the 
^ pdi^n caHed^ the transmitter is shown by figs. 54 and 54^1. 
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- It is mainly encased in a wooden box, which is not shown 
in either of these figures. 

N s is a compound permanent horseshoe magnet, iisualf^ 
formed of seven simple magnets placed with#their like poles 
together. By means of this arrangement not only is greater 
magnetism obtained from the same mass of metal, but it i^ 
moreover longer reuiined. 'Fo each pole of the magnet 
jtw'o small iron cores wound with insulated wire are fixed, as 


explained in § 8o. 
These axe placed 
symmetrically with 
respect to an axis 
which carries a soft 
iron armature a n, 
whose breadth is ra¬ 
ther more than the 
distance betw'een 
tw'o adjacent cores, 
as shown above in 
53> iW'd which is 
made to revolve by 
means of the* gear¬ 
ing ’ or driving 
wheels ww': these 
are turned by the 
handle h. .Rotat¬ 
ing in connection 
wdth the handle is 
a pointer p (fig. 
55), which tra¬ 
verses the circum¬ 
ference of the dial : 
this dicil is divided 
into thirty' i^qual' 



spaces, upon ivhich are marked the twenty-six letters of the 
alphabet, the three points of pimctuation ,;. and a known 
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as the zero stop: inside these are placed, on each .side, the 
numerals, with the cipher 3,nd a +. Opposite to edch pf 

JH the spaces is fixed a key similar to that 

shown by fig. 56, which can be depressed at 

' . I J will. These keys are placed outside an 

A/ endless chain,, held in position by being 

/ I j passed round a series of small pulleys 

/ i i 60), and so arranged that only one key can 

\ \\ be depressed at a time: the effect of de*- 

\ Vi pressing another is to straighten ^the chain 

* where the first key was depressed, and thcre- 

Fig. s6 . I real sac. throw it up into its normal position. 

If now the handle is turned and the armature sent 


through one complete revolution in front of the four cores, 
four separate currents differing alternately in direction are 
generated. The motion is so adjusted that for each of these 
currents the pointer moves through one space, and thus for 
an entire revolution of the armature the pointer goes through 
four spadls, and four distinct currents are sent in succession 
along the line to the distant station. When a key is 
depressed, the motion of the pointer on coming opposite to 
it is arrested ; and the airrents, instead of going to line, 
are cut off. This is effected by means of a carrier arm 
fixed * spring-tight * on an axle, and which revolves conjointly 

with the pointer, but which is ^ 
thrown out of gear imraediatefy 
the pointer is arrested by the 
depressed key: it remains so 
until tins key is raised by the 
depression of another;' and, 
supposing thehandleto be con¬ 
tinuously turned, the pointer 
and carrier arm resi^ie 
their 

when w 

thf^^^ter ki^. The contact nutter k.sih0wn iri' 57:. 
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L is a spiral spring holding it against the stop in its nbrnial 
position, of rest. As soon as the handle is turned and the 
key raised to admit of the carrier arm revolving, k is drawnS 
against N, which is in connection with the line|| 

82. The Indicator ,—The dial of t’le indicator is divided 
and marked in exactly the same manner os that of the sender. 
Movable round an axis in its centre is a small pointer f 
(fig. 55), which indicates whatever letters are sent. The 



Fig. sS. Full sice. 

modpn, of dds regulated by a small escapl^liLeelfe' 

whi<ft is* propelled by the electroma^etic 
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arfang^mentsTioiiini in plan in fig« 58 and in section in 59, 
^he electromagnet e e' is wound with fine wire^ and is of the 
Ordinary descriJ)tion: between the coils, and lying parallel 
to the coreil^ are two small magnets ns aiid n's' (fig. 
59) fixed to an axis, m m\ exactly similar in fact to that 
in Stfoh'^ relay, which has been already described (§ 65). 
This axis carries the ratchet or escape-wheel w, which 
thereby moves along with it. The mutual attraction aijd 
repulsion between the cores, when magnetised by the nir- 
rents that are sent, and these magnets gives an^ oscillatory 
motion to their axis, which causes the escape-wheel to rotate 
in the following manner. The wheel has fifteen teeth cut 
on its circumference; its play is regulated by tw^o small pal¬ 
lets pp‘ (fig. 58), and two small steel pallet-springs x j'. Each 

motion to or fro of 

B ** the magnets forces a 

8 ' tooth against one of the 
pallet springs w^hich 
propels the escape- 
wheel forward through 
half tooth, and causes 
the pointer on the dial 
to move through one 
space. A complete 

/i . -j.... ; - ' . == gj revolution, therefore, of 

{/u ' the armature in the 

Fl0.i9. “ •■‘J- 

ready remarked, gener¬ 
ates four currents, would carry the escape-wheel teeth 
forward, and move the pointer through four letters, h (figs. 
58 and 59) is an adjusting handle which works the pointer 


on the dtftl in the same way as is done W^the cun-eius 
passing through the electromagnet. • ^ 

i^tations arc placed in communication with 
each JK^nd^.the’apparatus at each fa perfectly adjusted, 
wthe on iho communicato!^ tl^ s^ing' Hatton 
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moves synchronously witl^ that on the indicator at the 
receiving station. When & rest' both should point to thjL 
zero stop, the key of which under these circunistanc^ 
must be always kept depressed* The efiectiK)f leaving-all 
the keys up is frequently to disconnect th^ tircuit. 

83. When there are only two stations in circuit Wheat¬ 
stone’s B C is found to work very satisfactorily indeed* 'Hie 
addition of every intermediate statidn introduces an element 
of danger, and complicates to a great extent the adjustment 
of the api^ratiis,, Four stations fitted with these instnimenis 
upon the same wire may be accepted as the limit of safetj^: 
•only under quite j^Si!^|>tional circumstances should five be 
tried. As these*,^truments are invariably employed either 
upon circuits^cr which comparatively little work passes or 
for private wir^s, an alarum bell is used in connection with 
them for the purpose of drawing attention when any com¬ 
munication is to be sent. This bell can be cut out of circuit 

t 

by the movement of the switch S, the top of which is shown 
in fig. 55. When this switch is at a the alarum and indicator 
are both in drcuit, when turned to T the alarum is cut out, 
and the indicator only is in circuit. 

84. The adjustment, more especially of the indicator, is 

a delicate matter, and recpiires a considerable amount of skill 
and training before it can be undertaken v^ith safety. If the 
pointer in the indicator jumps, or move4 on in advance of 
the letters sent, the currents are either tpo strong or the 
pointer is too lighily adjusted. Either tl 4 amiamre in the 
sender Sh^ould then be moved farther ba<K from' the cores, 
or the play of the escape-wheel in the i^icator should be 
lessened by tightenirig the , small screws and Springs, The 
former are pipvided wfth split heads in thh usual way : the 
fprews ^ ^ (^g. 58) regulate the tension of the latter. 

If th<f other hand the indicator pointer lags behind and 

drop§ currents sent are too weak, or. t^^:ig)ring§ 

toastiflUy a^jui^ted«. Either the armature be 

approached cores in the sender, or die ^y: of the 
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latchet^whed in the receiver ^ouid be assisted by easing 
studs and springs. 

*' It occasionally happens that the endless chain in die 
Coinmunicat#, by means of which the motion of the beys is 
regulated^ is either stretched to such an extent that more than 
one^key can be depressed at the same time, or it becomes 
contracted so as to prevent even one key from being de¬ 
pressed. In the first case the chain requires to be tightened, 
arid in the second to be slackened. I^ovision is ipade for 
effecting this by means of the arrangement shown in fig. 6o. 



The endless chain is passed ardiind an additional pulley g, 
fixed upon a lever f, pivoted at e. In connection with this 
lever is att adjusting screw h: By screwing ft in, the lever is 
drawn outwards, and a greater portion of the chain being 
thus tak^ up in conriectipn ii^th it, there is less slack,*!^ 
' ^ ' the ddier i^d, a portion of the*chlEm 

1. srirtit ^ fcn^h ay^IaUe fer the acrionof diie 

ekteni isde- 



WhmtHom's ABC. 




$5. Th6 main tp be encountered with these 

instruments are due to atmospheric electricity. , Lightning 
.frequently deranges them to 'a great extent Not only deill 
it readhy fuse the- coils, on account of the wire with whith 
they are wound being neces^rily so fine, but by demagne¬ 
tising or even reversing the polarity pf the small magnets in 
the indicator, it interferes with their, play and renders a fresh 



Fiq.'6i. JFullstse. 

• - i • . , ■ - % ' 

adjustment or reinsertion necessa^^ This latter danger 
has been overcome to a great e^Uent in tke form of indicator 
which is now issui^ by adopting the principle which was 
. introduced into the csoili fot needle insfiriwetiits (§ 50), 
that IS to say by induced of pennanent 
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Typc-priuting Instruments. 

magnets. Fig. 6i shows in plan the latest form of indicator. 
The escape-wheel and its adjustment are almost exactly 
Ihe same as in.the earlier issue: two additional screws r 
and r* ate adiied by means of which the play of m can be 
better regulated , The compound magnet shown in 59 is 
now^ dispensed with, and in. its place two soft iron armatures 
connected by a small rod pivoted into nt are employed, 
'rhe ui)per of these is shown at o. These soft iron arma¬ 
tures are kept in a magnetised condition by means of the* 
large horse-shoe magnet N s partly shown in the figure: the 
s pole is at ihe lower end of the coils. The same beneficial 
results attend this arrangement as have been already referred 
to in the single needle instrument. 

Occasionally, too, in the case of a heavy thunderstorm, 
the large permanent magnets in. the sender have their mag¬ 
netism reduced : the currents generated by them become 
w^eak for the adjustment to which the apparatus has been 
set, and another has to be substituted : instances, too, have 
occurred, at^Englatt ^ven, where the lightning has removed 
every trace of mag^^smfi’om these large raa^ets \ they are 

ver}' rare, however, and quite exceptional. 

\ 


F. Type-printing Instruments. 

86. These are instruments Which record the messages sent 
in bold clear Roman type. Many ingenious fonuf of apparatus 
have been devised and practjeaily used for this purjjosc, but 
only one has attained any considerable eiuplpyhient in Europe. 

• This is Hughes*. It is sl^wp by fig. 63. It differs frojpi all 
others in being princip^fy mechanical. Only.one cunce|it of 
short duration is employed to register each lett^. ^/jThe 
instnitnents at the sending and the fom^ing smtwl are 
identical in construction s^ r^ovemen^ type whe^s 

^g. 62) having the Jet^xs of,the alphabet i^ised on theirjieti- 
pherles synchro- 


nously 
the 


apparatus is like 
: piano; widft thsel^tenlrdf the alnhab^t aiid 



Hugfies' Instrument. 
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90 j Hitghe:^' Instrunwit 

t- 

any other sia[flals needed engraved on the keys; wheii one 
these keys is depressed a pin is raised, which just catches 
a (shown at a' in the figure) rotating witli ti4e type 

wheel, and thus’ sends a current to the distant station. I'his 
cutrei^t causes the paper at both- stations to be lifted at the 
same time into contact with the type wheels. Both wheels 
having their circumferences coated with printers* ink and 
rotating in unison, print the letter corresponding to the pin* 
raised at the sending station. The sajpne movement causes 
the paper to be moved forward a space ready fof the next 
signal. In this way, by touching each key required succes¬ 
sively, words and sentences are spelt Oit, spaced, sent and 
recorded at both stations simultaneously. Fig. 63 gives a 
sample of a short sentence so printed. 


} ALLS* WELL THAT ENDS WELL 


Fru. 63. 


87. The mechanical construction of the apparatus is 
exceedingly ingenious and perfect; but as it is in use only 
to a limited extent in England, a full descri|>tion of it does 
not fall within the scope of this work. 

88. The electrical arrangeinent exceedingly simple, 

sensitive, and novel. , The airrent which is . sent ^ docs not 
attracts armature, but it so weakens ihe polarity of % 
induced magnet as to cause it to an armathre . which is 


thereby pulled away hy the tension of a pow^ul 


is indicated figure, |4)- 

, NS is haying^twft.soft 

iro%pD.|gp!^ .^es are periphhently 

line wire: ^ is a movable sott'*wn* aimature ana s 


> 



Hughe^ Instrument. 


.9I>, 



Fig. 64. 


an antagonistic springs When this armature is placed upqn the 
pole pieces, it is held there by the magnetism induced in th^^" 

pole pieces by'the permai^nt 
magnet n s, and it will bear a 
considerable tension of the 
spring s before it will be tom 
off; but if a current passes 
through the coils in such' a 
direction as to induce in the 
cores a- polarity the reverse 
of that induced l)y the magnet, 
the armature will be released 
and it will fly back witV the 
full force of the tension of the 
spring. The uiitrument thus 
becomes sensible to exceed¬ 
ingly ddicate currents, and it makes its signals with the full 
mechanical force of a strong spring. 

89. It is to be regretted that tliis .beautiful instrument 
has not met with greater favour in England. It is very 
much used on the Continent, especially* in France, where it 
is a great favourite. It is, however, expensive both m its 
prime cost and in the character of tl^e labour required to 
work it; for though, as a rule, it only inquires one clerk at 
each end, and dispenses with writing Altogether, this clerk 
must be of tlie most mtelligent and experienced class, and 
therefore must be comparatively highly§)aid. 

A COMPARISO] 

^ \ ^o. Hie instruments which have bi^n described in the 
pfhvious pages have shaken th^selvel out as it were flrOm 
of beiutiful apparatus of the same species; 

. I^n pi^ically tried tn England, and each has)ii@l , 
sphere, prdv^ itself be the best adapted to . the put?-' 

. it 'to, sen^i ^ thls;^ittagg)[e for 
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possible to $ay that each is an example of the survival of 
the fittest, for the probability is that one or other of the 
forms now in use will eventually be jostled out of employ¬ 
ment by its more perfect competitor. 

91. The Hughes is. but very little used. The Bain is 
merely a modification of the Morse, and the Bell is gradu¬ 
ally being replaced by the Sounder or the Needle. In 
drawing a comparison of ^ the relative advantages of the dif¬ 
ferent instruments used, these three instruments, the Hughes, 
tile Bain, and the Bell, will not be considered, though each 
merits better treatment and deserves more consideration 
than it has received. 

In making this comparison we will take into considera¬ 
tion their simplicity in construction and working, their 
economy, their rate of working, and their special adaptation 
for the purposes they are each peculiarly qualified to fulfil. 

I. Simplicity in Construction, 

92. SimUlicity in construction is a great desideratum, 
especially in all uncivilized countries; and even in civilized 
countries, when the operators are unskilled or ill-educated. 
Of all the different instruments described the direct Sounder 
is uill]uestionably the simplest in construction; but when it 
has the relay added to it, it is difficult to say whether it is 
simpler than the Needle. The Needle has this advantage 
over the Sounder or any other instrunUnt: it has no points 
requiring adjustment, and though the arrangement of the 
sending portion of the apparatus is more complicated than 
the simple key of the Mohe and Sotmder, the receiving 
portion is much more simple than the relay and Sounder. ‘ 
The Morse involves a complicated and expensive train- 
work of .m^hnnism and a governor to inaintain the paper, 
in unifomx^otkm \ and the inkwtiter. demands \ special 

i contrivan#^ up tilie flow of ink; the inking-disc is 
indei^xi^|k]ty roiked in a direction oppOinte to that of the 
paper^i^i^lPb Morse have .^vaiiiQmetefs at- 



93 
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tached to them, and though these are scarcely needed wnh 
the fonwa’ instrument, they are of great convenience in 
noting the sending currents. 

The ABC is both complicated and costly in its con¬ 
struction, and in the simplicity of its parts cannot compare 
with its competitors. 

Hence, as generally employed, the Sounder is unques¬ 
tionably the simplest form of apparatus constructed for 
telegraphic purposes. 

* y 2. Simplicity in Wording, 

93. The ABC involves no technical skill in sending 
and receiving messages. An hour’s practice will enable any 
chijd or old person to send or receive a message by its 
means. It is only necessary to watch the movements and 
l)auses of the indicator to read, and to follow the letters of 
the alphabet to send. The Needle instrument requires no 
special skill with the hands to send, though rapidity of send¬ 
ing is acquired with practice only; but the Morse recorder 
aud Sounder involve technical skill, long practice, and expe¬ 
rience both to read and to send. * In the case of the 
Sounder, however, if once a person leiirn, or be tau^t to 
read by sound, sending becomes not only compaiJBvely 
easy, but remarkably accurate. ThOrA B C instrument is 
therefore the simplest in working, add the Morse is the 
most complicated; flie Needle and Sc^tnder may be-brack¬ 
eted together, for the ear is probab^ as apt a pupil in 
reading as tl)e eye, and the hands in «nding follow which¬ 
ever organ is employed in receiving, yhe Sounder has this 
immense advantage over the Needle, thjtit allows the receiver 
to concentrate his eye upon the form (^ti wbidi he writes the 
‘ message he is receiving, while the needle-clerk has .to glilhce 
^1;jernatSy froih bis needle to bis paper, and thus pet&jirtn 
two operations to one performed on the Sounder* the?^ 
Sounder is not only as accurate, but is far more^ ^^P^d Wn 
th^ Needlesspecial contrivances are neededtb cobcen<^ 
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wrote the sound, and, it liable to be abused by eaves¬ 
droppers. 

3. Eeonomy, 


94. Ibe.prices of the different instruments, and the cost 
of their annual maintenance, are shown in the following 
table : 



Prime Cost. 

it s. d, 

ABC . . . 25 o o 

Needle ... 7 10 o 

Morse . . . 25 o o 

Sounder . . . 12 o o 


Animal Maintenance. 

1 6 . d. 

3 10 o 

2 10 o 

7 10 o' 

4 10 o 


4. Rate of Working 

95. The useful speed of a non-recording- telegraph in¬ 
strument is in reality limited by the rate at which a clerk 
can write; but in recording instruments this is not so, 
because if one clerk cannot write as fast as the instrument 
records, a sJhond clerk can be appointed to follow him. All 
these instruments which have been described are, however, 
limited in speed by the rate at which a clerk can send or 
manipulate his key. The Single Needle in expert hands 
frequently attains 35 words per minute; and the average 
late at which an ordinary needle circuit works is 25 words per 
minute. The Morse inkwriter, under the same circumstances, 

I 

attains 40 words per minute, and the average^rate at which 
an ordinary Morse circuit works is 35 words per minute. 
Very expert manipulators, sometimes attain as many as 20 
words per minute on the A.B C, but the ordinal rat^l^ 
working widi this form of instriiment rarely reaches 10 words 
per mihut^ and. the average does not exceed 5 words per . 
. minute* 

The attains the same speed- as the Mbrse, and 

‘vpracticallj^n .bfe: read fester than any clerk can write; but 
ii|i^1^dvantage in exceeding this speed except in, coh- 
wd thii^efore for aliordiniary ptnrposei^^^ Sounder' 
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attains a rate of working in experienced hand» of from 35 
to 40 words per minute. But the number ,pf words per 
minute which an instrument can trai^smit iS^ no criterion of 

t y I 

its value as a fast-working apparrtus. We must regard the 
total'work it can do in, a day—the number of messages it 
will transmit without unnecessary delay. • Now the nature 
of business is such in England, that the chief bulk of the 
messages are isent between the hours of ten a-bi and one p.m., 
and it is essential that between these hours the wires shall 
not be overcrowded with messages. The following table 
may be taken as giving a fair average of the number of mes¬ 
sages which each instrument transmits in an hour and in a 


(lay:— 

Hour Day' 

Sounder ..... 60 250 

Morse.45.175 

Needle . . . . .30 . . ^ ^ .125 

. A B C.^ 5 • • •' • • 60 • 


Thus the Sounder is by far the fastest instrument, and a 
day’s work on a Soun<ier will exceed rj^hat on any other 
instrument similarly worked. Of course<this rate of working 
depends upon the number of words vrhich each message 
contains. In England the average is 34 words,- including 
the ordinary service signals, and each^ word averages 4*5 
letters. The reason why the Sounder |s so much quicker 
than any other instrument is, that as bo^ stations are simul¬ 
taneously sending and receiving, corr4^tiorts are made at 
one 4 ,' ^ the receiving clerk keeps up ™h ,the sender, and 
there'4$ never any wiiiting for repetitic^s or^ acknowledge¬ 
ments. A clerk receiving a message by n^eans of the Sounder 
confines his eye to what' he commits tojpaper-^his mind, is 
free to follow the sense bf the message. He is sim^dy in 
th^e jgpsition^ of being addressed by a cletk> perhaps hundr^ 

tt, ' ^ I • 

. •* This indicate what the instminents can do, but what tba^F;'^ 


if * ' 
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of miles away, who dictates each word not as it is spoken 
- but ab it is spejt. The ear does not tire like the eye, hence 
the clerk csgi maintain the rate of working for longer periods 
than with the recorder or needle. 

5. Special Adaptability, 

96. Telegraph instniments are required for many different 
purposes, and are placed in many different situations. They 
are required for the transactions, of the ordinary business* 
wants of the country and of the domestic relations of the 
community. The transmission of that enormous mass of 
news that now forms such a large portion of many news¬ 
papers has to be performed by them. They are necessary 
for the various purposes wf the railway companies in regu¬ 
lating the traffic and moving the trains upon their railwa>s. 
They are employed between the mansion and the stables, 
between the merchant and his counting-office, between the 
shop and the parlour. They ore worked by highly trained 
and well^a’fd manipulators, by inexperienced and insuffi¬ 
ciently paid boys and girls, by the assistants of the flourishing 
tradesman, and by the superannuated village grocer or his 
wife. Thus each instrument has its special sphere. 

The A B C is specially adapted for private wires and for 
small village post-offices, where messages are few and far 
between, and where skilled and trained labour can neither 
be found nor paid for. 

The Needle is specially adapted for railway purj:)oses and 
for linking together several towns on one wire, neither of 
which singly does much work, but where ajl together occupy 
a wire. No instrument that has ever been devised so fully 
meets the requirements of a railway, Its manipulation is 
easily learnt, and not easily forgotten. The apparatus never 
wants attention, and is always in order. Many mbre stations 
can be grouped, together on one wire by means of it tfi^ by 
any otherWtrument. 

The Morse and Sounder are specially adaj^eU fpr news 
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and for commercial purposes where the amount of business is • 
sufficient to justify the employmenl of skilled labour; and “ 
of these two the Sounder is unquestionably the Superior, and 
will ultimately supersede the other. 


CHAPTER IV. 

CIRCUIT.S. 

97. We have defined the circuit (§ 10) to be the whole 
path along which the electricity is supposed to flow; and we 
may consider the two cases in which the Currents are flaw¬ 
ing and in which they are not flowing. If we construct a 
wire between a and b (fig. 65), the end at each jflace 



Fig. 65. 


being connected with the earth, then th| whole path from 
A to B along the wire and back again b to a through 
the earth is the circuit; and this circuif may either have a 
current flowing through it, or it may be ft|e from all current. 
In the latter case the circuit is said to be^^w,^in the,former 
aise to be closed. There is a second condition of a circuit 
in vhiich no current is flowing, called the equilibrium cir¬ 
cuit, because every point of it is kept at, the same potential 
by having similar poles of different batteries of equal electro¬ 
motive force attached to it; but tills is a form of circuit not 
used practically for jelegraphic pui^ses. 
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These three conditions of the circuit are shown in 
figs. 66, 67, and 68 respective^. 



Pig. 67. 



Fic. ^8. 


98. The earth is considered simply as 'a patt ‘“Of 
circuit, offer^g a certain resistance tp the flow of electriy|^', 
through it, but this resistance owing to its inflnite dimen^^S 
is practically nothing. Hence the earth may be ^d tOjS^w 
currents -flow tb^gh it . in any direction, mid ^wSofit. 
any ^tructldti l^r mterferenGe when considered as a iphipiie .; 
bi^'Wdry and roclcy formations, and for limited. dimibBa) 
^pbes offer resistance^ which can'M n^awed, ana whM 
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introduces disturbances that have to be eliminated or 
• allowed for. 

The battery which generates the current, and the appa¬ 
ratus which renders it evident to the senses, are essential and 
important parts of the circuit, and their resistance is material 
in determining its good working. 

99. »Thus we see that whatever is in the path of the 
. current—whether it be in the battery itself, in the apparatus, 

in the line wire, or in the earth—whatever, in fact, offers 
any resistance to the passage of the electricity, is the ciraiit, 
and this circuit, for telegraphic purposes, may be either 
open or closed. ' * 

100. The needle instrument is invariably worked on the 
open circuit system. The normal position of the needle 
when at rest being in the vertical implies the absence of 
current, and the motions to the right and left, due to the 
reversal of currents, imply some re-arrangement of the 
circuit resulting in this reversal. K and (fig. 69} are the 


A 3 



Fig. 69. 

Commutators,^ sand B^are the batteiries, n and vf are the 
coils aiid needles. The actiem of ^he eotnmutator is de¬ 
scribed in § 48. When /• of k is depressed the' current flows 
from katioii A to, statin b, when / is depressed the cur- 

* Vide p. 47, g 48. 
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rent flows in the reverse direction. The needle deflects in 
the direction of the current. I'hus at a we can make the * 
needle at b deflect at will in either direction by depressing 
either / or r; and similarly at b we can make the needle at 
A deflect in either direction at will. 

TO I. The Morse or Sounder sy.stem is also in England 
invariably worked on the open circuit system, bift it is 
worked with or without a relay. Open circuit working*- 
without a relay is called line current working. It is shown 
in fig. 70. B is the battery, which, though shown with its 
zinc pole, is usually connected up with its copper pole directed 
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to line ; this arrangement is found to cause less .disturbance 
when faults exist, especially in underground and aible 
portions, than when the zinc pole is directed to line, k is 
the key described in § 59, which on depression at a causes the 
currents to flo#. g is a galvanometer which allows the existence 
of these currents to be seen, and m is the recorder or .sounder 
worked by the currents received from the distant station. 
Now when station A wishes to communicate with statioh B, 
he depresses his key k, i is brought into contact with 2, which 
thus brings the battery b into action, sets a current flowing, 
causes the galvanometer g, as well as the galvanometer c' 
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at B, to move, and works the recorder m' at B, his own re¬ 
corder not being affected. Thus if the attention of B is not 
attracted by the sound or motion of the recorder, it is by 
the galvanometer, and A knows by his own galvanometer 
whether his currents are flowing properly or not. 

102* Line current working is only used for comparatively 
short lines, except in the case where direct ink-writers are* 
used (§ 69), which, dispensing with the heavy work of em¬ 
bossers, need but weak currents, and are therefore used 
upon lin^s of about 100 miles in length or under. Where, 
how'ever, the distance exceeds this length, where the in¬ 
sulation of the wires is indifferent, and where abnormal 
resistance is introduced through the insertion into the cir¬ 
cuit of intermediate or wayside stations, relays become 
necessary. We then work by local currents, m, fig. 71, is 



Fig. 7 t. 


the recorder or sounder, lb a local batteiy, R the relay 
whicji takSs the place of the recorder in fig. 70; all the 
other connections are the same. When the key k at station 
A is depressed, i is brought into contact with 2, a current 
flows through I, 2, G, c/, k', 3, 4, r', to earth and back to b 
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the battery at A. In flowing through r' it moves the tongue 
of the relay and completes the local circuit by which the local 
cTurreflt flows from l' b' through m', and records its signals. - 
103. Allusion has been made to the effect of the 
introduction of intermediate instruments. The introduc¬ 
tion of such apparatus in no^ way affects the theoretical 
"Working of the circuit. If in either of the above two cases 
the earth wire at b instead of being carried direct to earth , 
were attached to another line wire extending beyond it, it 
would be seen that the circuit would still remain whole and 
open, and when any one station worked every other station 
would be affected. The connections at an intermediate 
station on a circuit working with local curfents are shown in 



Fig. 72. 

fig. 721 It is evident that while the apparatus is idle the 
continuity of the circuit is maintained through 3 and 4 of 
the key, and that when the key is depressed the currents 
flow through both the up and down line without affecting 
the recorder at the Intermediate station itself, but operating 
those at the 6ther stations. If simple line working be in 
use it is onljr necessary to replace R bynt aloi^,j^and re¬ 
move L B. T|e mode of cohnectihg up a needle mihnxnent 
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intermediate is symbolically shown in fig. 73, where for 
variety drop-handle instruments are shown. 



104. The closed circuit system has never been a favourite 
in England. It has been frequently tried, but owing to the 
greater consumption of materials in the battery compared 
with the consumption on the,open circuit, and to the detri¬ 
mental action of continuous currents oi the gutta-percha 
covered wire, so much used in England, 4t has as frequently 
been abandoned. It is shown in its simplest form in fig. 74. 
M is the recorder, k the key, b the bat^iy, as before j but 
there is only one battery at one station, |md not a battery at 
each station, as in open current worki^. The key k has 
a movable handle or bitchy as it is cal|ed, whicli normally 
is closed, as shown in k' at station B, dn^Jonnects tlie battery 
to line, so that when the circuit is idle.tl^ current is fiowing. 
If A wishes to communicate with £ t$s switch is pushed 
aside, the current ceases to flow, the circuit is open, and A 
works, as !n the open circuit system, closing the switch when 
he has done working. If B wishes to communicate with A 
he also opens the switch *; but M^hen he deprei^es his key b.e 
simplj^oes so to complete the circuit for A’s battery, and 
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therefore he works the circuit by means of that battery. A 
large number of intermediate stations can be inserted on such 


Line 



Fig. 74 > 


a circuit, and it is evident that if they all.keep their switches 
closed the current flows throughout the whole circuit; and 
any station, by opening his switch, can break in and operate 
every instrument upon the circuit by opening and closing 
the circuit of the one battery fixed at one of the terminal 
stations. 



Fjc. 75- 


Closed circuit working is very generally adopted 
in Ai^eHca) in Australia, and other colonies. * It i i also much 
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used in Germany, where some circuits have as many as four¬ 
teen stations upon them. As, however, a battery at one end 
of such a circuit, if it be long, has its currents very uneciually 
distributed amongst the different stations owing to the 
effects of leakage, each station is sometimes provided with 
a part of the battery, which forms part Of the circuit. This 
is shown in fig. 75. * 

106. There can be no doubt that where many inter¬ 
mediate stations are fixed on one wire worked on the 
Morse principle, the closed circuit system offers considerable 
advantag’es over the open circuit system; for the incon¬ 
veniences arising from the difficulty in maintaining the 
accurate adjustment of the apparatus, when working to 
different stations at different distances, owing to the varia¬ 
tions in the current, is to a considerable extent avoided. The 
current at the same station is constant. But in England we 
never do use the Morse on such circuits. The Needle is 
far preferal 5 le, and in that system no adjustment whatever 
is needed. It is an exceedingly rare thing to fix more than 
four stations on one Morse circuit, for the simple reason 
that it is almost impossible to group four Morse stations 
together without filling the wire—that is, without producing 
a sufficient pumber of messages to occupy the wire during 
the whole of the day. If there is not enough work to fill 
the wire, the needle instrument, from its simplicity, economy, 
and certainty. Is used in preference. So that the necessity 
for employing the closed circuit system in England has not 
been experienced, while its extra cost, as ^mpared with the 
0])en circuit and injurious action on gufta-percha-covered 
wires, have proved it to be really objectionable We men¬ 
tion these facts because surprise is often expressed by 
Colonists and Americans that the closed circuit system is 
not used iif England. Every country has developed its own 
system, and the conditions which have rendered the closed 
circuit necessary in America do not exist in England. 

107. There is another mode of working a closed circuit, 
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which was originally introduced in America, has been used 
on the Hanoverian lines, and is now being applied to 
the State Railways of Indio. Instead of breaking the 
dosed circuit by a switch, and converting it really into an 
open circuit with the key'worked at any point, the instru¬ 
ments are caused W work by the intemiption of the current. 
Relays are used which are held in their normal position of 
rest by the current, and which are caused to complete the 
local circuit by the interruption or cessation of the current. ^ 
It is not much used. 

io8. When any length of gutta-percha wire, either iji a 
submarine cable or in underground pipes, forms part of a cir¬ 
cuit, it tends to diminish the speed of working by accumu¬ 
lating upon the surface of the wire a portion of the current 
which otherwise would proceed to the distant station to 
record or register its marks. A similar effect, but on a 
smaller scale, occurs on overground wires. When, how¬ 
ever, such lines are very long, this effect of induction, as 
it is callfcd, becomes evident. To overcome this abstrac¬ 
tion of the currents, slower and more deliberate sending is 
necessary. The key must be held down longer to allow a 
dot to be made, for the short apd smart dots made upon a 
short aerial line are entirely lost on an underground, sub- > 
marine, or a long overground circuit. The loss of speed is to 
a large extent remedied by double current working A second 
current, reverse in direction to tho first current, and sept 
immediately after it, not only .hasten^ the discharge or clear¬ 
ance of the wire of the charge accumulaited upon it, but it 
enables the relays to be worked in their most sensitive or 
delicate, and, therefoie, most rapid position. Hiis method 
of working is .«hown in fig. 76. g is the galvanometer, 

K the key, r- the relay, and m the recorder or sounder; but 
in addition to .the ordinary line battery n there 4 s a second 
battery b', whose- opposite pole to that of b is connected 
earth,'while its other pole is attached to the point a! of 
ii^Witch s, whose handle is mbvable at will from a. to a[. 
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The switch-handle itself is in connection with the back con¬ 
tact of the key k ; and in its normal position it is in contact 
with a, and it thus enables the line currents received from 



the distant station to pass through the relay R, which is in 
connection with a, and work the instrument m. When it is 
desired to send, the switch-handle is moved Ho a', wliich 
allows the, current from b' to go .to l}ne. This current 
passes through the relay at the distant? station, and holds 
its tongue away from its contact poiil^; hence all an¬ 
tagonistic springs or other forces are dlSspenscd with, and 
the relay is in" its most sensijdve cpndi^on to respond to 
any change in the current. When th| key is depressed 
diis current ceases, and a reverse carre|t is sent into the 
line, which moves the tongue of the r^lay in the proper 
direction, and marks are made. Thu^ thele are always 
currents flawing when the switch is turned for sending, and 
it is ^he reVersal of these currents which works the appara¬ 
tus. Polarised relays are necessarily employed with this 
system of workings for they alone are obedient to the 
dianges ia the direction of the current 
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log. The double current system of working not only 
expedites the rate of working on submarine, subterraneap, 
and long overground circuits, but it frequently enables the 
working of the circuits to be continued in the face of con¬ 
siderable interferences ana disturbances inherent to over¬ 
ground wires. It dej)rives relays of any effects of residual 
magnetism; it allows circuits to be worked with less power¬ 
ful currents, and, consc(iuently, it enables circuits to be 
worked to much greater distances. When polarized relays 
are used with single currents only, the antagonistic force of 
magnetic attraction requires that the tortgue of the relay be 
kept further from the core attracting it for working purposes. 
It is for this reason that under such circumstances non-polar- 
ized relays are found to be mor^ sensitive. But when double 
current working is resorted to the tongue is placed in its most 
sensitive position, and all antagonistic forces are removed. 

no. It is objected to this system of W'orking that mes¬ 
sages once commenced cannot be interrupted for corrections 
or entjuiry. ^’he practice is to turn the switch every now 
and then to see if all is going right Twenty years^ experi¬ 
ence of this system have shown that the objection is ground¬ 
less, and only theoretical. 

I'he difficulties of adjustment inherent to open circuit 
working with single currents, owing to the variations in the 
strength of the currents received from different stations, are 
entirely overcome in double current w'orking, for whatever 
be the variations in the prime current the reversing current 
is equally and similarly affected, and thus the moving force 
and the antagonistic force vary together, and are self- - 
adjusting. Double current working is therefore almost in¬ 
variably adopted on Morse and Sounder circuits having 
intermediate stations upon them. 

III. The strength of the currents working circuits di- 
minish^Jjjrith their length, not only in consequence of the 
additidp^esistance, but from the injurious effects of climate 
anc^ wither upon the wire and their supports. There is a 
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limit to the increase of battery power. It is not safe to use 
more than 120 cells. It is therefore difficult to maintain 
uninterrupted communication in England for distances of 
over 400 miles. In dry climates, and where purely aerial 
wires are used, much greater distances are possible j but in 
all countries a distance is'at last reached where direct work¬ 
ing is impossible, and where it becomes necessary either to 
repeat the messages themselves by clerks, or to introduce 
' jnecluuiical repeaters or translators at some intermediate 
station to bring into play fresh currents, and, therefore, re¬ 
newed strength. By this means it is possible to work to any 
distance. Thus the Indo-European line from London to 
Teheran, a distance of ^,800 miles, is worked directly, with¬ 
out any retransmission by hand, by !ne;ms of five rej)eaters. 

The connections of a repeater are shown in fig. 77. 

112. The principle consists simply in converting the 
lever of the recorder or sounder m or m' into a key which is 
moved by the attraction of its armature between two con¬ 
tact pieces corresponding to the front and back contact 
pieces of the key. ThQ electromagnet of the recorder thus 
replaces the hands, and the motions of the key at the distant 
sending stations are thus repeated at the translating station. 
This ifutomatic key'brings into play a fresh line battery b, 
which sends on a fresh current to the ^distant receiving 
station. Let us fix ourselves at the repealing station, where 
there are two sets of identically similar apparatus, as shown 
in the diagram, and imagine that the up sktion Ais sending 
to the down station B. The currents froc| the up line enter 
the lever t of the recorder m', and pass by i to r, the relay 
of the up set of apparatus, which they weik, they then pass 
to the earth plate E, and,return by the earth to a. 'Lhe tongue 
of the relay r moves from 3 to 4; it thus completes tlie 
local circuit* of the local battery l B, the recorder kt works, 
its annature is attracted, the lever rises from 5 to 6, and the 
battery b sends currents vi2, and t to the down line. These 
currents correspond in duration with those received from a. 
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Next let us assume that the down station B is working 
to the up station A. The currents from the down line enter 



the lever t of the recorder m, and pass by 5 to r' the relay 
of the down set of apparatus, which they work, pass to the 
earth plate e, and return by the earth to B. The tongue of 
the relay r' moves from 7 to S; it thus completes the local 
circuit of the local battery l' b', the reqprder m' works, its 
armature is attracted, the lever rises from i to 2, and the 
battery b' sends currents vi4» 2 and / to the up line. 
These currents correspond in duration with those received 
from B. . ^ 

113. In practice the conneqtions are npt so simple as 
those shown in hg. 77. Galv^ometers are used on each 
line wire i^,;show if the currents' pass correctly. Hand 
keys arcMwSi, jdiich can be thrown injo both uj) and down 
circuits;!^.means of switches, so that the circuit can be 
divided^illfid thejrepeatlng station can ivork separately, either 
B. translation. Again, when the double 
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current system, and other fest systems of telegraphy are 
used, the connections become 'much more complicated, Ahd 
special automatic switches are employed to maintain the 
reverse currents. The recorders or sounders are replaced 
by relays, and many ingenious contrivances are added to 
facilitate adjustment and to secure good working. But the 
principle remains the same in each case, and is that illus¬ 
trated in fig. 77. 

114. I'here is, however, a limit to the number of repeaters 
wliich caiii be employed on one line. The motion, friction, 
and inertia, both magnetic and mechanical, of the moving 
parts and the introductiem of disturbing electrical causes, 
prevent the duration of the contact of the tonguctof the relay 
from being tlie exact counterpart of that of the sending key. 
It is of less duration. Retardation therefore takes place,-* 
and the rate of working is reduced with each relay added. 
In no case in England do we introduce more than one 
repeater; and when that repeater is placed at the end 
of a submarine cable, like that connecting Ireland and 
Wales, an act]|gil and decided increase of speed is obtained, 
due to the fact that the speed of working of the whole circuit 
is niade that of its longest disturbing ^section alone: if 
working without the repeater other retaking influences are 
superposed upon that of the longest section. Thus a re¬ 
peater at Haverfordwest has increased |he rate of working 
between London and Cork about ten woids.per minute. 

115. We can scarcely conclude this brief description of 
the mode of joining up instruments in circuit without referring 
to the circuit arrangements required toH serve a portion of 
the country. We have takenihe Isle of li^ghf The diagram, 
fig. 78, shows how all the villages and t(^ns are connected 
together with their .great centres -of communication, 
Southampton and Z^ridQn. It illustrates alsp the'way in 
which the deferent instalments are employed. Thus little 
places like Nitbiy, Sea View, St. Helens, Bracing, which are 
mere sub-oflices under larger head pom|pfiibeS| Ventnor and 
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Ryde, are amply served by the A B C. East Cowes, West 
Cowes, Newport, Yarmouth, Freshwater, speak to South¬ 
ampton by means of a Needle circ)^it, because the amount 
of work at th^first and the two last offices will nojt justify 
the employment of a trained telegraphist. On the contrary, 
the traffic to and from Osborne, Venin9r, Ryde, Newport, 
and Cowes, justifies the employment of skilled operators, 
and they are served by Morse circuits; and the amount ol 
business done at Ventnor and Ryde is such as to require 
communication ^vith London as well as with Southampton. 
In some cases, such as Ryde, the business fs such that at 
certain periods of the year it occupies a wire to itself to 
London, and even this is then insufficient, and additional 
fmciliti^s have to be afforded. A direct wire, with only the, 
terminal offices upon it, and fitted with Sounders, is the most . 
perfect telegraph arrangemeJlt we can devise. The iijser-' 
tion of intermediate stations at once reduces its efficiency 
principally by blocking the wire with local messages. But 
even a direct wire should be supplemented,by a second 
means of communication in case of failure or accident. 
Thus each head office like Ryde has a second string to its 
bow. Telegraphic circuits, even of the simplest and most 
perfect character, are singularly liable to jfiiilure from causes 
which w'dl be described (§ 297) ; and occsisionally periods of 
pressure arise from political, special, and; local causes, such 
as elections, races, assizes, Src., and it is Operative that all 
well-organised systems should be prepared for such emer¬ 
gencies. Thus even the Atlantic Oceaii^has been spanned 
by four wires, to secure unintetrupted ^^mmunication be¬ 
tween Europe and America. ; 

116, It is desirable to sdy a few words upon the proper 
distribution of battery power upon a circuit; that is, the 
, number of fiells which should be allocated to each wire at 
each station. This depends upon so many conditiqns of 
climate, country, size of wire, character of support, &c., tliat 
no rule or law can be laid down. In France it has been 
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attempted to adopt the rule of allowing 10 Marid-Davy cells 
to every ibo kilometres of line, but this is much departed 
from. In England tb^minimuhi power used is 10 cells of 
Daniell and 4 cells of Leclanchd fitted ir^troughs, and it 
usually rises by multiples of this unit The average is about 
5 miles to one Daniell's cell. Hence, if we had two places 
separated from each other, like London and Liverpool, 210 
'miles, we should use 40 cells. Every relay is equivalent 
to about 40 miles of line, and every needle instrument 
ecjuivalent to 10 miles of line. This must be added to the 
mileage of wire. Thus between Southamj^ton and East 
Cowes there are 50 miles of wire and six instruments, equal 
together to 110 miles of line, requiring therefore 20 cells 
Daniell or 12 cells Leclanchd to work the circuit. ♦ Thjs 
rule is merely empirical. Experience is the best guide to 
. the telegraph engineer of the proper amount of power re¬ 
quired. I’he strength of the signals, and the amount of 
adjustment required, will tell him at once whether he has 
used too%ew or too many cells, 


CHAPTER V. 

SPECIAl. TELEGRAPHY. 

A. Automatic Telegrapjiy. , 

I ' r ' 

117. All the ditfer^nt kinds of apparatus which Iiave been 
described are manipulated by the hand, and though in the 
ABC and needle systems little skill is needed to work the 
sending portion of the instruments, yet in the other systems 
not only skill, but practice and endurance are Vequi^ to 

f . up the ^bonstant subdivision of time into dots and 
es.. The humap machine tires, and as a consequence 
«^if^njiy is the speed of working reduced, but errors^ .whidi 
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lead to repetitions and delays, are made. The limit of speed 
with which the hand can work the key of the Morse instru* 
ment is soon reached. It is iml)QSsibie to maintain by 
hand the ma?^uin useful power of the system. Now 
signals can.be made j^o follow each other on the simple 
Morse apparatus far quicker than clerks can send or even 
write. The muscular motion of the wrist and the directive 
action of the mind have their limits, both as regards speed 
and duration. They cannot reach the recording speed of a 
Morse repeiver on a short circuit. But if the manipulation 
of the human machine be replaced by the piecision and 
regularity of a mechanical machine, not only can we attain, 
but far exceed, the highest speed of the ordinary Morse or 
Sounder. 

118. Moreover the sending of a clerk after a time loses 
clearness and legibility, and health, botii of mind and body, 
atVects his speed of working. Hence early efforts were made 
to replace the human machine by some mechanical con¬ 
trivance which would not oi^y remove the defects inherent 
to manual labour, but would secure precision in the forma¬ 
tion of the characters, accuracy in the despatch of messages, 
and speed in the transmission of work. Bain was the first 
to propose this in the year 1846. He fmnehed broad dots 
and dashe.s in paper ribbon, which was ctrawn with uniform 
velocity over a metal roller and beneath styles or brushes of 
wire, which thus replaced* the key, foi^ whenever a hole 
occurred a current was sent by the brushes coming in con¬ 
tact with the roller. The recording instrument was his 
chemical marker (§ 72). The speed which messages 
were transmitted at experimental trials enormous; 400 
messages per hour were easily sent; but ^defects existing in 
the machinery, which was crude, and diisturbances on the 
lihe, ?yhose*causes were then unknown, interfered with its 
practical use. It therefore was not persevered with, because 
really it was not wanted ’> but now tliat telegraphic business 
has increased so enormously that extra wires are needed 
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in every direction, 'apparatus which increases the capacity 
of the wires by sending through them a greater number 
of messages in a given time, has become a necessity of the 
age. i 

119. Wheatstone's system of automatic telegraphy is 

that which is used in England. Bain's method of punching 
has been considerably modified, and the messages are re¬ 
corded on an exceedingly delicate form of direct ink- 
writer. ' 

The apparatus consists of three parts : the perforator^ 
which prepares the message by punching holes in a paper 
ribbon; the iransmitier, which sends fhe message under the 
control of the punched paper when’passing through it; 
and the receiver^ which, receives the message at the distant 
station when thus “sent. 

120. The PerforaJter^ which is ihown in perspective by 
fig. 79, and in plan and front elevation by figs. 80, and 81, 



Fic. itb reft! size. 


t 

three levers or keys, five punches, and a groove 
anangentent to j^ide and move forward the paper 
been prepare^. The paper// (% 80) is of a stiff 
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virhite description dipped in plive oSH.abe are the three keys 
which are depressed, and which actuate and drive the punches 
or perforator^ through the paper, cutting or punching out 
clean round'holes. i, 2,3,4,5 (fig. 81) are the punches which 
perfi^rate these holes in the pa|)er. Key a causes i 2 and 3 to 



Fig. 8a Jth real .size. 



perforate the-paper in one vertical line, ^vls * • causes 2 

only to 1, f, 4 and‘5. to per¬ 


forate the paper thtls: ; <; corri^apondS with* dots, b wth 

spaces, c with, dashes. Tte'TOles made the centre 

of the papet, and are smaller than the upper and lower ones 
made iy thi other two keys a and r. They admit the^ teeth 
of a little star wheel, which is turned through a small space 
whenever one of the keys is depressed, and-, which, thus 
moves the paper on .a certain distance foreach idepce^ion 


















































































Ii8 t The Perforator 

of either key, by a species of rack and pinion movement. 
The space through which the paper is moved by. c for a 
dash is twice the length of that through which it is moved 
by either of the other keys. In fact two central holes, 
2 and 4, are punched for each dash required, and the star 
wheel is made to turn ‘two teeth instead of one, as in 
the case of the other two keys. If a, c and b be struck or 
depressed in succession we have the paper prepared for the 
lettet A ; if r, a, a, and b be struck, as indicated by the 
rcpetitioji of the letters, we have the paper prepared for the 
letter B; and if r, «, r, a, a’nd‘^ be stnick, we have the letter 


Fig. 8a. 

C prepared upon the paper. - The word Paris thus prepared 
is indicated by lig. Sa. 

121. It^is difficult to indicate these movements by means 
of a* diagram. Their ingenuity, simplicity, and mechanic.al 
perfection are best comprehended by an examination of the 
perforator itself. The keys are usually stnick by small mal¬ 
lets grasped by the hands, but at the Central Telegraph 
Station Mr. Culley has applied the air pressure, employed in 
the building to work the pneumatic, tubes, fox the perfortn- 
ance of this work. Three piano keys, easily depressed by 
the fingers, open valves which admit the compre|sed air into 
little cylinders fitted with pistons which when forqed down de¬ 
press the h c (fig. 8o). The labour of punching with the 

mallets is colnsiderable, and this application of air pressure is 

is much liked. . The power at, command 
is TS|e that three or even four ribbons are frequently 
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punched simultaneously at the rate of 40 words per inhiute. 
An experienced operator usually punches at the rate of about 
45 words per minute on either plan; but the average rarely 
exceeds 40. 

122. The Receiver is a Morse direct inkwriter, of a novel 
and sensitive character. It is shown in perspective by fig. 
83. 'I'he paper is drawn above the inking disc with a uni- 

* li 



Fig. 83. jiih real siie. 


form velocity, and the ir^|miuent has a jgovemor which en¬ 
ables the speed of the p^r to be regul|ted so as to allow 
the instrument to record any rate of| speed between 20 
and 130 words , per minute. The JightVinking or marking 
disc is fixed to an axle geared with |he clockwork) and 
rotates partly within the groove of a larger disc that dips 
and rotatejf in the reverse direction in a well of inlc This 
lattei* disc takes up the ink*by capillary attraction, and thus 
feeds the marking disc without introducing friction. The 
axle a (hgs. 84 and 85) that actuates the inking or marking 
disc is mov^' by Ijie armatures t and which aile of soft 
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iron/and which are maintained in a magnetized condil^n 
by the petmanent magnet n The mode of adjustment is 
also shown in the diagram. ^ The armatures are so arranged 
that when once a current, howeyer short in duration,/has 
moved them, by passing through the electro-magnet e, they 
remain as placed. They can only be restored to their nor- 



Fig. 84. Side view. 


mal position by a current in the re- 
vetse direction to that which sent them 
over. Thus when once the armatures 
and the axle have been mo\'ed, the 
inking disc has been brought in con¬ 
tact with the paper, and a line is re¬ 
corded upon it, until a reverse current 
is sent. A dot is made by sending a 
short momentary current in the proper 

direction to move the 
disc, and instantly 
^ j afterwards another 
momentary current 
"a in the reverse direc¬ 
tion to bring it back 
again. A dash is 

made by sending this 
Fig. 85. Top view. j.g^gj.gg current after 



4 he first current at a longer interval. Thus two short 
momentary currents are requited for every mark made j and 
these currents are in the oppbsite direction, and separated 
from each other by varying intervals of time. It is the 
punched paper that determines.the intervals that separate 
these currents, and the transmitter is the instrument that 
sends tl^m. ‘ 

The Transmitter replaces the key of tl?e ordinary 
apparatus, and, it sends the jburrents under the confrol of 
the pundhed paper by mechanical means. Hnbce the name 
system— aUtdmatic. The cuirents that are trans- 
'iKtm are of different duration to tbose-sent m any of the 
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systems which .have been described, and the apparatus for 
sending them is complicated. The principle of the portion 
of the apparatus sending these reverse cun'ents is shown 
in figs. 86 and 87. Let d be a metal disc divided into two 
portions, which are insulated from each other, and which 
have metallic pins, a and fitted to'them. Let the 
portion marked b be in connection with the line, and that 
marked a with the earth. Let the ends of two rocking levers, 
by the tension of the springs s and s\ rest on these pins, 
one lever c being in connection with the copper pole of 
the battery b, and the other lever z w'ith the zinc pole. 




Now* it is evident that in the first case illustrated (fig. 86) 
a negative ciul’ent is going to the line, and in the second. 
case (fig, 87) a positive one. If, therefore* the disc d be 
made to vibrate liiptween the position shown in d (fig. 86) ^ 



122 


Tke Transmitter. 


and that shown in D2 (fig. 87) regularly and continuously, 
a succession of currents in reverse directions will pass 10 
the line; and if a Wheatstone reqeiver be fixed at the dis¬ 
tant end of the line a succession of dots will be recorded upon 
it. If, however, before the disc reaches the position D2 the 
line or earth wire be tempor^ly disconnected, a reversal 
will be missed and a dash will be recorded at the distant station 
instead of t 7 vo dots. The function of the punched paper is so 
to regulate the motion of the transmitter as to produce this 
disconnection at the proper^moments, and thus cause the 
currents to flow in such a way as to form dots and dashes. 

T24. The punched paper pp (fig. 88) is carried forward, in 
the direction shown by the arrow, by a similar little star wheel 
to that which moves it in the perforator (§ 120), by catching 


up Line 



fixed to the ends of the rocking levers, a and b, which are 
attached loosely to the framework of the instrument, and 
are maintained at a constant upward pressure hy means of 
the spiral springs s and s'. The two rods Bi and s play one 
opposite^ach of the two lines of larger holes the punched 
pap^iV^that, unless otherwise restrained and regulated, their 
w^ild alternately project through ^them if there were 
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holes, or would be checked by the paper if there were no 
holes. The rod m is shown projecting through the< upper 
hole, and the adjustable studs and springs keeping them in 
position-are illustrated, r is a beam of ebonite which has 
two metal 'pins, 1 and 2, fixed into it, and which is maintained 
in a constant condition of equable vibration by means of the 
moving train of wheelwork of the apparatus. These pins rest 
upon the crank levers a and b, which are by this means kept 
rocking in unison with r. 'I’he lever a has at its lower end 
a rod H fixed to it, and the lever b has a similar rod h'; the 
ends of these rods pass loosely through the pieces p and 
p' fixed to the divided disc d ; ihe collets k, k' by pushing 
p and p', cause that disc also to vibrate in unison with 
R. 'Phis disc, with the levers c and z, is identical with that 
illustrated in fig. 86. The lever c has a screiv fixed into it, 
which rests, when the disc is in the middle of its vibration, 
upon a little piece of ebonite fixed on z, to prevent the 
battery being short circuited. 'I'he roller e completes the 
task commenced by the collets k and k', and retains the 
disc in its position until it is reversed by the thnist of the 
collets K or K , Thus this beam r is constantly and regularly 
causing the rods s and m to be raovittg up and down, the 
levers a and b to be rocking to and fro, and, so long as the play 
of the rods s and m is unrestrained, the disc d to be vibrating 
backwards and forwards, moving with it the levers c and z. 

125. The pin i on the beam r is in electrical communi¬ 
cation with the down line or earth, and thi pin 2 with one half 
the disc d, whose other half is connect^ with the up line. 
When there is no paper in, th6 pins ajre in constant and 
tinbroken contact with the levers a and| b, which are care¬ 
fully platinized, and which are connectied together by the 
frameworl^ of the instrument and by the springs s and s', 
thusmiaintaining the cSrcliit complete and sending a succes¬ 
sion of reversals producing dots at the distant end. When 
there is paper im however, and this paper is not punched, 
it limits the upward play of the rods, the levers a and B do 
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not follow the pins throughout their full phase, the disc d 
remains unmoved, connection is destroyed, and no currents 
go to line. If the paper be punched, then a dot | allows 
a reversal to be made at each vibration, and a dash causes 
it to be made at each second vibration. 'I'he pin M enters 
the upper hole, and the marking current is sent, the pin 
s enters the lower hole, iind the reversing current is 
sent. 

126. The transmitter is regulated to transmit at a 

maximum speed of 130 words per minute, but this by no 
means indicates the absolute speed at which the instrument 
can work. Its maximum rate of sending is however de¬ 
termined more by the rate at which the receiver can receive, 
and this is limited not only by the mechanical inertia of the 
instrument itself> but by what may be callfed the magnetic 
inertia of its electromagnet. An electromagnet, when con¬ 
nected up in a telegraphic circuit, cannot be magnetized 
and demagnetized with infinite rapidity. The core- takes 
time to^nagnetize and to lose its magnetism, and the 
currents which pass through the coils generate or induce 
other currents in the same coils, which have the effect of 
retarding this demagnetization. If the transmitter were to 
work at a higher rate than 130 words per minute, the re¬ 
ceiver would simply^register a long line or no line at all, 
because sufficient time was not allowed for the reverse cur-’ 
rents to produce their effect on the armatures that actuate 
the inking disc. Thus the rate at which the transmitter 
works in practice is limited by the rate at which the receiver 
can.register its signals: (See Chap. XI. 5 37a«) . ' 

127. Such an apparatus can send uninterruptedly mes¬ 
sages at the rate of 130 words per minute as long as it is 
working on a short line ; but as we increase the lehgth of our 
line, so we diininish the rate at which it works, from causes 
which have be^ already referred to in § 108. The emtehts 
to prod^fce the motion of the inking disc at the distant 
station jpiust be of longer duration on longer lineSi to over- 
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come the disturbance diie to induction, and hence the 
vibrations of the rooking-beam must be slower for long lines 
than for short ones. 

Thjis while a spepd of 120 words per minute can be ob¬ 
tained between London and ‘Manchester, we can only 
obtain 90 between London and Suntierland, 60 between 
London and Aberdeen, and between London and Dublin 
only 40 words per minute. 

128. When a quantity of electricity flows through a line 

in the form of a current, the first portion of the current'is 
retained or amtmulated upon the surface of the wire, in the 
same way that a charge is retained, or accumulated upon the 
surface of a«Leyden jar. The quantity acaimulated de¬ 
pends upon the length and surface of the wire, upon its 
proximity to the earth, and upon the insulating medium that 
separates it from the earth. Thus, in the case of a submarine 
cable, the conductor of which is insulated with fi^uttapircha or 
indiarubber^ and'is maintained in very close proximity to the 
earth, a very considerable charge is held by the wire. An 
overground wire is insulated in air, and though it is main¬ 
tained at a considerable distance from the earth, j^et it is in 
close proximity to other wires which are in f:onnection with 
the earth, and it also retains a charge. In fnct it is found, 
in England, that the charge retained by twenty-three miles of 
ordinary line wire is about equal to tlat retained by one 
mile of a cable of average dimension^. This power of 
retaining a charge is called the eketros^ie capacity of the 
circuits * 

129. Now \rfiat are ‘ the effects of this electrostatic 
capacity? In the first place, as 'we h^e already pointed 
out (§ 108), it absorbs all the electi:i<ilty of a short mo¬ 
mentary current and prevents the appeainnee of any current 
at the distant station. - And as it absorbs the first portion of 
every current sent, it has the saroc^ effect )as, if it retarded or 
delayed the first appearance of the current at the distant^ 
end the ai^areiit velocity of the cunvnt is diminished/ 
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by the amouiiLt of induction present in the circuit. In a 
circuit of very low capacity there is practically no induction, 
and the current appears instantaneously at the distant end. 
In a circuit where there is capacity there is induction, and 
the fitet appearance of the*current is retarded according to 
the amount of induction present. Thus between Europe and 
America, on the Atlantic cable, the current is retarded four- 
tenths of a second. 

T30. In the second place, before a current in the reverse 
direction can be sent through the circuit, tlie whole of this 
charge upon the wire must be withdrawn or neutralized be¬ 
fore a second charge of opposite sign can be accumulated 
upon it. This discharge occurs in two ways, cither as a 
current flowing out at each end to earth, or by the neutraliza¬ 
tion of the reverse current by one of* opposite sign. In the 
first case the current flowing back to the sending station 
is called the return current^ and that flowing out at the 
receiving station continues or prolongs the primary cur¬ 
rent. the second case the first portion of the reverse 
current is occupied in neutralizing a portion of the oppo¬ 
site charge, as well as supplying that required by the 
capacity of the circuit, while the other portion flows out 
at the distant end, producing as before the prolongation of 
the current. If in the first case one end of the wire, say 
that at A, be disconnected, all the charge flows out at the 
distant end, and the prolongation of the current is increased. 
Thus the second effect of electrostatic capacity is to prolong 
the primary current at the distant end. Charge therefore 
produces retardation^ and discharge prolongation. 

131. These effects of induction are beautifully shown and 
can be cltoly studied by means of Bain’s chemical marking 
apparatus <§ 72). Fig. 89 gives a representation of the 
effect ipirhich would be ob.served .with dots (i) on lines of 
Uttle illduction; (2) on lines of* moderate induction—say 
300 miles of oveiground wire; and (3) on long cables. While 
^o'dots per second can be firmly and clearly recorded on the 
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first line, lo are recorded on the second line, and only 2 
on the third. If more than 2 dots per second in the last case 
or more than 10 dots per second in the second case be trans- 
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Fir.. 89. 

niitted, then the marks run together, they become illegible, 
and on a Wheatstone receiver they form a continuous line. 

132. If dashes be considered in place of dots the effect 
on speed of working is still more evident. With dots the 
current at the sending end can be regulated in duration, so 
as to allow just sufficient current to appear at the distant 
end to record its arrival, and, no more.* The line is only 
partially charged; but with a dash, the cuirent bein^ longer in 
flowing, the line is more fully charged, and therefore a greater 
quantity of electricity has to be neutralize^ or withdrawn be¬ 
fore a second current can flow, and consequently more time 
is consumed in sending. Hence any syTStem involving dashes 
directly sent is objectionable on lines co|ttaining submarine 
cables. Such lines should invariably b®. worked with cur¬ 
rents of uniform duration. This is one iferit of the Wheat¬ 
stone transmitter. The dots and dashes are produced by 
currents of equal duration, but they are separated from each 
other by periods of unequal duration, and thus the condition 
of the line^t the commencement of each current is variable. 
If a guccelsion of dots be uniformly sent into a neutral line 
at thib maximum speed which the receiver at the distant end 
can register, it by no means follows that between each dot 
the line must be completely discharged \ it is only necessary 
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to reduce the ootential so as to produce that difference be¬ 
tween the ends of the receiving apparatus which will reduce 
the current low enough to allow the antagonistic force, what-»^. 
ever it may be, to act upon the armatures of the relay. 

133- Again, the inductive capacity of a line is unequally 
distributed. Its rate of working is naturally affected by this 
distribution. A circuit may be made up of overground wires, 
underground wires, and cables. Since cables have the largest 
capacities, it is their position which materially influences 
the speed'of working. Between London and Amsterdam 
there are 130 miles of land wire over, the Great Eastern 
Railway, then a cable 120 miles loitg, and then 20 more 
miles of land wire. Ix^ndon could send to Amsterdam only 
30 words per minute, while Amsterdam could send to London 
45. Between London and Dublin there are 266 miles of 
land wire in England, 66 miles of cable and 10 miles of land 
wire in Ireland. Dublin can send to London 80 words per 
minute, while London can send* to Dublin only 40 words per 
minute.^ This difference is due principally to the influence 
which the long overground line has by its leakage in favour¬ 
ing discharge direct to earth without influencing the receiving 
apparatus. 

134. These effects of induction influence the working of 
automatic circuits in various ways. In the first place, the retar¬ 
dation and prolongation of tlie currents diminish the rate of,, 
working ; fewer currents can pass through in the same time. 
In the next place, they distort the appearance of the marks 
made by the currents at the distant end, either by the loss 
of dots, or by the running together of dots and dashes, or.by 
the conversion of dashes into dots and of dots into dashes. 
Letters are thus deformed and even converted into other 
letters. A dot entering a neutral line becomes a dash from 
prolongation^ a'dot following a, dash Jnay be lost because its 
current is iQ^lldrely. occupied in neutralizing the return cAaige 
of the dasl^r it n^y be only clipped as it jnrhioh may 
aljfo beihe 'Oftse of a dash following A 4 ot Dots'.ai^ 
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following each other too rapidly run together, because there 
is no time tor discharge and reversal. 

* 135. How are these defects in working providea against ? 

They cannot be entirely remedied, because they are inherent 
to the principle of working, but they can be coimteracted, 
and their ill effects can be reduced, by an exceedingly simi>lc 
contrivance, due to Mr. Culley. Between the two pins of the 
. rocking lever r is inserted a set of resistance coils «, shown in 
fig. 90, which can be arranged so as to introduce no resistance 
at all, or resistance varying up to loooo* or infinity^ When 
there is no resistance inserted the transmitter is converted 
into a reversing key (§ 108), for there is no disconnection 
of the line circuit when the rocking levers a or n fail to follow 
the rocking beam R. As resistance is inserted so the current 
is varied from an initial current of the normal strength, fol¬ 
lowed by one in the same direction of a w’eaker strength, which 
in its turn is succeeded by a reversing current of normal 
strength, also followed by one in the same direction of weaker 
strength and so on. Every circuit requires a different airrent 
of different strength to produce this compensation, and this 
varies with weather and other conditions This change in 
the strength of the compensating current ^ easily effected by 
the variation of the resistance coils, and- a few trials soon 
show the proper arrangement to produce the* maximum 
^result. On an average about 6000® are ii^Serted in ji; these 
weak compensatihg currents maintain the potential of the 
line at an equable height, so as to cause to fall uniformly 
and toT be nearly in the same condition it tlie commence¬ 
ment of each signal. f 

.i'36. Fig. 90 gives a' plan of the way in which a com¬ 
plete set of the automatic apparatus fitted uj) at one 
station. If contains a plan of the transnntter switch, which 
is shbwrr in the^ position it acquires-when the starting Randle 
is tudied.to allow the machinery to run and the currents' to 
ffbw. It also shows^ a double current key, so connected up 
as to be thrown ihto' cfieuit^^^ the above switch for Speakinj; 
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purposes when the transmitter is not running. There is also 
a galvanometer to show that currents are properly going and 
coming. 

137. The receiver has also a switch s in connection with 
the starting handle, which when it stops throws a sounder 
into a local circuit, used not only as a call or alarni, but as 
a receiver when the key is used, or when the line circuit 
is used for ordinary working. When the receiver is running 
the switch throws the sounder out of circuit 

The local circuit is completed by the electromagnet of 
the receiver, which thus acts as a relay as well as a direct 
inkwriter. 

The transmitter is shown in the neutral position when 
no current flows to line, and when the pin on the lever c is 
acting to prevent the battery from being placed on short cir¬ 
cuit. 

R shows the resistance coils employed for producing the 
compensation currents. 

138. Automatic instniments are used on nearly all long 
circuits in England, not only because they increase the 
capacity of the wires for the conveyance of messages, but 
because they are so specially adapted for the conveyance of 
news, which is such a distinctive featui^ of the English 
system of telegraphy. Qne strip of punched ribbon will do 
/or any number of circuits, and thus the la|>our of preparing 
the slips for transmission is very much reduced. In fact, 
without this system it would be simply imj^ssible to transact 
the enormous amount of intelligence sent/hrough the wires 
all over the country; Tljere are many new| circuits radiating 
from the Centrai Telegraph Station, havii^ three and four 
intermediate stations upon them, one or tfiore of which re¬ 
peat or translate onward to three or four more stations. Thus 
one pupched sMp disseminates the news to many places. 

139. It is of course evident that the chief value of die 
automatic system, beyond' its extrenfe acctiraey, i^ its in¬ 
creased speed of working. It may be said to double the 
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capacity of wires. The average rate of automatic working 
in England*due to»the length of circuits and to the amount 
of inductive capacity present is about seventy words per 
minute. Thus one wire fitted with the automatic apparatus 
can do the work of two fitted with,, the ordinary apparatus. 
But the former involves additional expense in working and 
additional delay to ^ch individual message. When a wire 
is kept going at its full speed two punchers, one adjuster 
or sender, and three writers, are employed. Five additional 
clerks are therefore required at^ each terminal station. "J'he 
messages are punched and transmitted in batches of five or 
six. Thus a message has to wait to be punched, and to 
take its turn in its batch. This involves delay. For these 
reasons it is not economical to introduce automatic working 
on short circuits, except for special occasions and for breaks 
down, and hence it has been confined principally to long 
circuits. 

140. 'fhe automatic system has proved invaluable when a 
sudd% glut of work has been handed in at a station, or 
when the communication has been interrupted through storms 
and accidents. Once, w'hen four out of the five wires between 
London arid Birmingham were broken down, the remaining 
wire, working automatically, did the work of all, -but of 
course with some delay. 

Although the system is automatic, we are not entirely 
free from human labour or from the frailty of human native. 
IVhenever we are subject to the action of the will w»e,.are 
liable to error. Thus dots are sometimes punched , tor 
spaces, and vice Yo;rsa, and absurd lerrors are made. 


B. . Submarine Telegraphy. 7 ' 

141. Submarine cables of considerable length like those 
conn<^ng Europe and America, or those ijmhing/^he great 
chaSi^toiiriecting the Mother Country irith the Antipodes, 
havew be worked cm a peculiar method, specially devised 
but of them the maximum speed of working. Re- 
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lays or other {orms of apparatus, whose actioi) is dependent 
u}3on electromagneltism, are inadmissible for various reasons : 

I St. They require currents to influence them stronger than 
('an with safety be transmitted through long submarine cables. 
2ncl. They aggravate the effects of retardation. The causes of 
retardation in such cases have been sufficiently dwelt upon 
(§ 128-130), but there are other causes of embarrassment 
. wliich have also to be provided against. Different portions of 
the earth, from causes which are not yet known, are frequently 
at different potentials. When these portions at different 
potentials are connected together by wire, we have what are 
called earth currents. The currents vary in strength and 
duration during different periods of the day and year, an^ at 
certain seasons they acquire such magnitude as to be called 
‘ electric storms.* They then interrupt the circuits to such ai) 
extent as to render working difficult and even impracticable.. 
On long cables they are specially prevalent, and become of 
such strength as to endanger the safety of the cafce. They 
are to be guarded against in two ways : ist, by dispensing 
with the earth and using a second wire as the return wire, 
working, as it is called, in metallic circuit, 2nd, by using 
condensers and working with a broken or interrupted circuit. 

142. The first method is used chie$y on land lines 
because it can be easily and rapidly resorte<|to, and on cables 
when there are wires available; but the iecond method is 
that which is principally used on cables, a|td it is very effec¬ 
tive. It was invented by Mr. C. F. Varle;fr. 
f A 'condenser or aecumulador is ^ term a^^lied to an appa¬ 
ratus composed of alternate layers of tin^^il and paraffined 
l>aper (or mica), so arranged as to form a^^t Leyden jar of 
large sihfacej and constructed to give us .Whatever capacity 
we require.* a ai h bx bx, (fig. 91)^ are' square pieces of 
tin-foil^ sepalti^d by sheets’of thin paper steepeld in liquid * 
paraffin or some other preparation. The series a ax Ox are 
connected together, and so are the series bbxbxf a and B 
thus beedihe connected with w'hat may be called the inside 
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and outside coatings of a Leyden jar; and by putting b to 
earth, or to the other pole of,a battery, we* can communicate 



Fig. 91, 


to A a charge, the quantity of which will depend upon the 
number of cells used, upon the surface of the plates opposed 
to each otHei; and upon the number of the series forming a 
and B. we can construct condensers of any capacity, 

giving a charge varying from that accumulated upon one mile 
of overground wire up to that acci^ulated upon an Atlantic 
cable. The unit or standard of reference by which capacity 
is known is called the microfarad^ and it is equivalent to the 
charge contained by about three miles of cable. 

143. Condensers are conventionally represented by 
fig- 92- LetAB be a wire connecting Europe and America, 
K an ordinary key, and b a battery at a, c a condenserfi- 
serted in that wire, and g a galvanometer a,t b. Now if the 
circuit be as arranged, it is evident that it is broken at c, no 
continuous current can pass from ^a to b, and thus earth or 
other extraneous currents are prevented from flowing through 
the galvanometer. But how can tve affect the galvanometer 
G at B? this way: when we depress the'^ey K,:.a cuif- 
rent flbwss- JlSfo the cable to charge h;; one side o of the 
cond^iil^ thus connected with one pole of the battery, its 
poten^wls faised, it is charged negatively. The ne* 
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gative charge accumulated on* a attracts across the paraffin 
a positive charge on b, and repels a negative charge. This 


c 



positive charge apparently passes from earth at b through the 
galvanometer in the form of a short current or pulsation. 
When K is released £md falls back to its nomiU position, 
the cable is discharged, the potential of a is reduced. 
The positive charge on b is released, an^' it l^vs to earth 
in the reverse direction through G in the form of a second 
current or pulsation. Thus whenever we depress the key we 
affect the galvanometer with a reversal. - i 

144. The condenser might be placed at the sending end, 



but it is better to employ condensers at each end, as shown 
in ffg. 93. The arrangement for working a submarine cable 
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by means of condensers is there symbolically represented. 
The condenser may occupy any one of the posihons markea 
c c, <2. When in the position Ci ,the sending current proceeds 
from the discharge of the condenser, and works the appa¬ 
ratus at the distant station, the cable there being discon¬ 
nected by means of the switch p from the commutator and 
placed in connection with the receiving galvanometer g. If 
the condenser occupies the position c, the galvanometer is 
worked direct by means of the discharge from it: if it occu- 
])ies the position Cj, the charge into it works the galvano¬ 
meter. 

145. Now by using galvanometers or other receiving 
apparatus of the most sensitive character, which will be actu¬ 
ated by the first appearance of the current, we arc able to 
^ork cables with the smallest possible electro-m:tive force. 
This not only conduces to the ^ety of the cable, but adds 
to the speed of working. 

Thus by suitably determining the size of the condenser, 
the number of cells, and the delicacy'of fee galvanometer, 
we can .transmit signals which shall give us the maximum 
speed with the minimum expenditure of power, and thus 
effectually counteract the ill effects of earth currents, and 
redtice to the lowest possible point the retarding influence 
of induction. 

The condensers used have a capacity of 20 microfarads, 
which is equivalent to the capacity of about 60 knots of cable, 
and from four to ten cells of one or other of the Term .of 
DanielFs battery—generally Minotto’s (§ 42)—are employed. 

146* The galvanometer that is -used is Thomson’s ye- 
flectiiig galvanometer—the most delicate and perfect instru¬ 
ment of its kind ever ihvented—without which long cables 
could scarcely have been made commercially 'successful 
The needle k simply a piece of, watch-spring j| ir^ch in 
length, s^petided by a short thread.of cocoon silk virith- 
ouf ;tolr^^, and having a circularxbnvex mirror of silvered 
gla^4^ented to it. It weighs only, x f grains It is 
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suspended ^in the centre of a coil of very fine wire, 
giving a resistance of about 2ooo*». A magnet, which 
is raised or lowefed above it, or" turned around its • axis 
by means of a screw, exerts a directive force on the needle, 
so as to cause.it to reflect the thin image of\ lamp 
passed through a fine slit on the centre of a scale. It 
also controls the vibrations of the needle so as to make 
its movements aim jst a dead beat \ indeed they are some¬ 
times so sudden and short as only to broaden the spot of 
light. 

This directive magnet, instead of being fixed over tlie 
coil, is sometimes placed independent of it by the side of 
the instrument. It is thus shown (a) in fig. 94, which repre¬ 
sents the arrangement of the apparatus at one end of a long 
submarine cable. G is the galvanometer, one end.of whidh 
is attached to the condenser c, and the other to earth, by 
means of the earth terminal t. b is the battery which is 
connected to m, the transmitting portion of tKe apparatus, 
and similar in every respect to the pedals of the single 
needle instrument described in § 48. • r is the resistance 
coil employed in connection with ‘the condenser C, and in¬ 
serted for adjusting purposes, to suit die vaiying strength 
of the currents and conditions of the ^ble. p is a srhall 
switch to which the cable is brought, and by means of which 
it may be put direct to earth, or placed in connection with 
the galvanometer g, or the keys m, Reep^ing as it desired to 
receive or to send. 1 

The beam of ligltj proceeding from lie lamp d, throiign 
the slit f, is concentrated, by means ofta lens U on to the 
mirror w, whence it is reflected jjack |o the scale e. By 
means of the movements of this reflected beam of light to, 
the right or left the alphabet is formed in precisely the same 
way by'the motion of the pointer on the dial of the 
single needle. ‘ h is a large box which acts a§ a species of 
darkened chamber, and enables the movement^ of the spot 
of light to be discemecl with ease. 
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A glance at jfig. 94 will serve to «how the electrical 
connections which^ are ieqiiired. The cable is brought to 
the switch p, and if it is desirable to put the line direct to 
earth for either testing or protective purposes the switch bar 
is carried to which by means of T is in connection with the 
earth. When signals are to bfe f^eived the switch-bar is 
placed in connection with r, and in this way the cable .is 
placed in connection with one side of the condenser through 
the resistance coils R : the other side of the condenser being 
in connection with earth, through the galvanometer g. If, 
again, signals are to be sent, the switch-bar is carried to a \ 
to this same terminal one of the bars of the manipulator m is 
connected, and in this way the signals are sent direct to the 
cable withoirt jhfluencing the galvanometer g. 

147. If the ordinary apparatus used for land telegraphy, 
such as the .-Morse or Sounder, were used on the Atlantic 
cables, a word a minute could scarcely be obtained; with ’ 
the mirror instrument fifteen words are easily sent in the same 
time, and twenty-four have been obtained. 7 'he mirror 
is really a single-needle instrument, whose index is a spot 
of light; but apart from its excessive ddicacy, it has ' 
this advantage jgver the vertical needle, that in place of 
having a fixed zero or nmiral line, tp '^he right or left of 
which the needle vibrates to impart its t|gnals, the ^sero line 
—^when condensers are not used—move^with the spot of light 
and wauders all over the scale, the si£|ials being made by 
the pulsations or vibrajtions of the spoUand being read by 
their direction and riot ; by their potion or amplitude. 
Thus signals rieqd not ^ fead by sepai|te^stinpt currents^ 
as in land lines or when tondbnser^ w but by the 
increment or deCTcment of one confinu|us Current which, is 
cohtimipusly fioii^g out of the cable frolii its ^eat capacity, 
and whosefpo^rial only .is varied by the reverse at 
thesendifig.endj. ' ‘ ^ ‘ 

147. The useif condensers, as &qwn in fig. 93, practieg^' 
fixetthe zero lino of the mirror, for it is evident thatthereyvill 
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he no indications of a continuous current now, and that the 
condenser will only respond to th#changes of potential of 
the current in pidsations porresponding to those imparted 
lo €, Sir William Thomson has introduced an instrument 
which records these signals by spurting ink by electrification, 
upon a moving paper ribbon, from a fine glass tube which is 
moved to the right and left by these reversals. A sentence 
sent by this syphon recorder, as it is called, is shown in 

fig- 95 - 


^ I ^ 

.. /V' -a 

: ; 1 !'i * V <•'! /'. * .. •" * /•' ' ' f *,! “ •,,< 

y • * •!,••• ..,v '/ V •- •'V 

* ' ’ " * r J y 


a r T 


i * A 


JL 


6 t 


flG. 95 . 


C. Duplex Telegraphy. 

149. The rapid increase in the business of telegraphy 
has called toth the exercise of'the ingenuity of telegraph 
engineers to increase the capacity of a single wire for the 
transmission of messages. The automatic system effects this 
Object in one way, duplex telegraphy effects it in another. 
The first practically enables twice as ma|n)iimessages to be 
transmitted in the same direction in a given time, thp second 
enables an equal number of messages to be sent in the op¬ 
posite direction at the same time. Both systems have thus 
doubled the capacity of wires. , ^ » 

.150. The duplex system m,ean$ the .transmission on the 
saffte wire of a message from station a to station b, while b 
is sending anothst message to a. Uiider 6rfltoiy..circum‘‘ 
.stances, when a is working to B on tlie open circuit principle 
(fig. 70, 5101); any interference otviho paiibJof b destroys a*s 
current, and prevents marks from b^ng.pippferly'Teaorded. 
b’s current neutir^zes a’s, and ;'vicovetsii 
tralizes b’s ; the rosult being dikur1>ance, andfoss of ,marks. 
But if we are able to register mar$$ jp a similar’ inannet .by 
this neutralization, of the curreftt as w|U as by. its fojma^, 
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duplex telegraphy becomes possible. There are several modes 
of doing this, but we shall confine ourselves to a description 
of those most generally used in England. There are two 
methods in practical use, the one based on the ptinciple of 
the Differential Galvanometer^ the other bn the principle 
of the Wheatstone Bridge, 

i 

I,' The Differential Principle, 

151. If two circuits of precisely equal resistance be open 

to a current it will divide itself ecjually between the two, 
and the currents in each ^ire will be 
exactly equal. If, for instance, the wire 
z / £, hg. 96, offers the same resistance 
as the wire z r e the current ii> / will 
have precisely the same strength as the 
current in r. Now let the electro¬ 
magnet E, fig. 97, be similarly wound 
with two w&es of equal length, one of 
which is in connection with /, and the 
other ill connection with r. If the current through / traverse 
the electromagnet in the reiserse direction to that through 
r, it is evident that as the currents are i^ual the polarity in¬ 
duced by the one current must be exactly neutralized by 
that induced by the other current, for t|ie effects are equal 
and opposite, and there is no magnetisii excited. Thus, as 
long as the two ciraiits are intact the |iurrenis which flow 
do not affect the electromagnet; ljut if |he currents in r are 
ihtermpted, those in / will excite the ^ctromagnet, alH if 
those in I w infentipted, tlie currenl| inwUl excite the 
electromagnet ' ‘ 

152. Let A anil B, 6g. 9^7, be twoi stations connected 
together 1^ the line wire /. I-et e be ari^ electromagnet at a, 
suchf as that just describeef, and £' a 'similar one at b, k a 
key, and b a battery. Let r and P l^present resistance coils 
,or artiiioial' lines, each ^^ving a resistance equal to the line 

v^Now let us in the first place assume a alope to be 
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working to b; every time the key k at a is depressed a 
current is sent from Vs battery. This current divides at 



Fig, 97 



the one half goiiig through the wire in connection with / 
in K, through /, and at b, through the wife in connection 
with / in ^through the key k' at b to earth ant^thence back 
to the battSy. This is called the Hue current The other half, 
which is called the compensation cur^'cnty passes around the 
electromagnet E through Hhe wire in connection with r, 
through r and back to the battery. As these two currents 
are equal their effect on e is nil, but the line current passing 
through one coil only of e' operates it and causes signals to be 
given. Thus while a telegraphs to b its own instrument is not 
affected, but that at b is actuated. Similarly, when b alone 


' is working to a its own instrument is n6t affected, but that at 
A iJ actuated. But when b is working to a at the same time 
that A is working to b, what happens? Every line current 
‘that leaves A at the same time that a line cuirent leaves b is 
neutralized. The compensation current at a i.s now able to 


^ excite the elleictroma^et, and the irmatufe is moVfed in pre- 
'duly the as if mrtenis reedtfei, la the 

siine way ^jlnine cnrrl^nt^ are neutralized, and its compen- 
' sitiiioh curnlMs move the ^EpruA^tureof V in ^^,iselyi^e same 
way cunrents were'Thns 
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tinue to be worked bjr their respective stations, regardless 
of the fapts' that the line cuitents are being continually 
neutralized, that practically no current flo\trs between a and 
B, and that they are operated soxnetimes by the line current, 
and sometimes by the compensation current. Thus, while 
A sends messages to b, b can be sending messages to a upon 
the same wire and at the same time. 

m 

153. We assumed that the’line current-received at a 
from B was exactly equal to that proceeding Ihjm a to b, and, 
that therefore they were exactly neutralized, but it is not so 
in practice, for owing to the effects of bad insulation the 
incoming line current is always v^eaker than the outgoing 
one. Hence the current received at a from* b does not neu¬ 
tralize the whole of the current from a to b, but only a por¬ 
tion of it. It therefore weakens it so that the compensation 
current preponderates o\'er this resultant current, and re¬ 
gisters its signals by this preponderance. The differetice in 
the strength* of these two currents when both stations are 
working is very nearly equal to the strength of the current 
received at a when b alone works, so that the marks, whe¬ 
ther made by the received line ci|rrent 0^ by the preponde¬ 
rating compensation current, are practica|Iy the’ same, 

154. We have shown in the diagram ^hat the slame poles 

of the battery are to line, and that therefore the line currents 
flow in opposite directions ; but the samq effects occur if the 
opposite poles are to line, and the flow in the same 

direction, ' If the cun^t from b flows, iifethe same direction 
as that Qrom a, the eflect, when the two lotions work simul¬ 
taneously, is pot to.weaken the'^resulU^ euxs^nt, but to 
strengthen ity .and thwfore to-: prjp^uce |i preponderance of ,’ 
the current in ^re / oyer that in'Wire r <k relay e, and con¬ 
sequently •to rtgistet signals^ but in this.case the marks 
made^at as wbe|i stations working siufiqjtaiieou^y, 
are not n^e by the' preponde^&e of the.c^pensatifm 
ciirrent ov^'^e jineiscurrenk but b^.the excess of the reiBtUl- 
tantliiie* §un^t'over the comj^sation current - 
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155. We have shown the keys k and as putting the 
line to earth through the back contact 2, but there i« an inter¬ 
val when the keys are being depressed when this connection 
is broken. . In fact there are three positions which the key 
takes up during the operation of sending, viz., ist when 
resting against the back contact; 2nd when resting upon 
the front contact ; 3rd when disconnected from both conuicts. 
The line current is not* ho^^’ever, in either case interrupted. 
The first and second cases are cl(Jar, but consider the tlnrd ; 
take the key k (fig. 98) and depress it; then the received 

current, when it ar- 

g LiNE 3» instead of 

"7^ going to earth through 

j 2f returns through 

[[ the electromagnet by 

s? ^ 3 j V ^ means of the comj^en- 

..j sation circuit, thence 

-jl^r j through the resisitance 

- Sr I R to earth. This con- 

I 5 tiniies the effect of the 

line current upon the 
_ _ electromagnet; for 

mough the resistance 
to the line current is hvice as great, and the current itself is 
reduced one half, it passes through dotA wires of the relay 
in the proper direction to actuate the armature, and therefore 
as the effect is doubled it leaves its intuence unimpaired. In 
faet, it. is possible to dispense with the back contact 2 altOf 
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gether; and this is sonvetimes done for short lines, but for., 
long lirres it is objectionable, for it introduces elements df 
irregularity which tend to diminish accuracy and speed of , 
working. ITor .accurate duplet working the total resistance 
of the^fircuifej^ould be dttorbed as little as possible Jienc^ 
the p(#tidh, of the circuit frbm the back contact of the key 
to the earth should he made equal in resistance to that of 
liattery it. The best Ibrm of key is that which does not 
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Duplex Working, 

break the back contact until theMront contact has been 
made (fig. 103). ' 

156. This explains the principle of the system, but it 
does not illustrate the apparatus in action. £ may be the 
electromagnet of a direct inkwriter, or it may be a relay. 
As most circuits are worked with relays we will illustrate 
such a system. This is done by fig. 99. 

p is an ordinary Siemens relay (§ 64), whose tongue / 
vibrates between the two points p and Its normal posi¬ 
tion is against the insulated stop p. The line current moves 
it againstand thus works the local circuit. The relay is 
similarly wound with two wires of equal length and resistance. 
TJie ends of the one wire— the line wire —are brought to the 
terminals i and 2, and the ends of the other wire— the com¬ 
pensation wire —to the terminals 3 and 4. If while a cur¬ 
rent is traversing the line wire a second current of exactly 
equal strength flow through the compensating wire in the 
opposite direction, the effect on the tongue of the relay must 
be nothing Tlie incoming line wire at a is attached to ter¬ 
minal I, and the compensating wire to terminal 4. Wires 
from terminals 2 and 3 are connected together at a, and 
attached to the lever of the key K, which in its normal 
position places both these wires to earth through the back 
contact k'. The other extremity of the line wire of course 
makes earth through the apparatus at n, which is similarly 
connected up, except that the line wire is attached to 2, and 
I is connected to a. Tfie other extremity of the compen¬ 
sating circuit makes earth at £. Resistance coils which can 
be varied and adjusted at will, are inserted in this circuit 
at R. The batteries are connected up as shown, 

157. Now let the key at A be depressed ; a current 
flows ; at ait divides; one portion proceeds via 2 through 
the line wire of the relay, oyt at i to the line, thence to 
earth at B vid 2, i, a and k', tending to move the tohgue of 
the relay at a against the stop p. The other portion pro- 
ceedJs vid' 3 through the compensation wire of the relay, out 
at 4, $0, the resistance coils to earth t, tending to move 
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the tongue of the relay against the stop f. If these two 
currents are \)f equal strength they would not influence 
the tongue of the relay, because they tend to move it with 
equal force in opposite directions. But if they be of 
unecpial strength, then the tongue of the relay will be moved 
in the direction of the strongest current, and by a force 
equivalent to that produced by a current equal to the differ¬ 
ence of the two currents. Let us at first insert in r resist¬ 
ance, small compared with that of the line, then the current 
passing through the compensating circuit will considerably 
exceed in strength that passing through the line circuit. 
Kvery time the key k is depressed the relay will work, and 
will cause signals to be inadeT By gradually increasing the 
resistance in r the difference in strength between the two cur¬ 
rents is diminished, until at last a point is attained where their 
strength is etjual, and where the tongue of the relay is unaf¬ 
fected by the movement of the key. The artificial resistance 
R is now equal to that of the line circuit beyond terminal i. 

158. The line currents which are received at a from a 
enter at terminal i, pass through the line wire of the relay, 
and out at 2, making earth through thie back contact 
moving the tongue against the stop and recording signals 
in the usual way. Now it is evident that when a alone 
works to B, a’s relay remains unaffected while b’s relay 
causes the signals sent to be recorded at that station. When, 
under similar circumstances, B alone works to a, b*s relay 
remains unaffected while a’s relay Causes* the signals sent by 
B to be recorded at that station. But wfien b works to a at 
the same lime that a is working to b, tlr^ outgoing line cur¬ 
rent from each station is reduced in strength by an amount 
equal to the strength of the incoming fine current at each 
place; the •compensating'current at each place. preponde¬ 
rates Ijy the same amount. Hence marks continue to be 
Recorded with the same force and regularity when the stations 
work to each other simultaneously as when they work to each 
other separately and independently. 
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t 

159. It is evident from wTiat ha^ been said before (§ 154) 
tliat it is of no consequence if similar or dissimilar poles be 
attached to the front contact of-the keys at the two stations, 
and hence it follows that the system can be worked as well 
on the double current as on the single current system. 
Indeed^ there are conditions under which it is better to 
work on the double current system than on the single, and 
where, therefore, this mode of working is preferred. 

160. There are certain irregularities in the working of 
5uch a system in actual practice which have to be provided 
against, due to variations in the resistance as well as in the 
electrostatic opacity of the line, and to what we have termed 
magnetic inertia. Telegraph wires, in &ct, are in a constant 
state of change. 

161. If A and B be connected together by an aerial wire 
supported at intervals of about loo yards upon earthenware 
insulators, then the current which arrives at b from a must 
necessarjlv be less than that which leaves a because at each 
pole a srmll portion of the current escapes or leaks to earth. 

• No earthenware support' is an absolute insulator. Moisture 
is deposited upon its surface. The amount of this moisture 
continually varies, and the resistance of the insulator to the 
leaki^e of the current varies with this moisture. Hence the 
difference between the current leaving a and that arriving at 
B is constantly varying, and the effefct upon the current at a 
is precisely the same as though the resistance of the line 
varied. If moisture be abundant more current leaves a, and 
the^ effect is the same as though th|^ resistance of the linp 
wire were reduced. If the insul^fs become dry, less cujt 
rent leaves a, and the effect is the same as though 
resistance of the line were increased, in fact the resistance 
of the circuit does vary with the amount of moisture^de¬ 
posited on the insulators, and with the amount of dirt ’^ich 
necessarily adlfieres to them. Rain, fog, dew, anid mist 
affept it. ^ne$ exposed to the spray of the sea or the^smoke 
eff B^^^i^^ctories are ;|^eculiarly liable to this variatkm. 
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Vari^wn of Resistance, 

The resistance varies also with alterations in the physical 
condition of the mass of the wire, du6 to heat. As the 
temperature of a metal increases or diminishes so does its 
resistance. Iron wire increases in resistance 0*21 per cent, 
for each degree of temperature (Fahr.) through wl^ich it is 
raised. The diurnal variations of temperature in this climate 
are not great: in summer the greatest range is about 30®. 
I'liis would practically not affect the comparatively short 
circuits used in England ; but in India and America, where 
the circuits are much longer, and the daily variation is much 
greater, considerable difference is experienced in the resist¬ 
ance of the wire between mid-day and midntghL 

162. Thus it happens that the resistance of an aerial line 

is constantly varying. The longer the line the greater niiist 
be the extent of this variation. The amount of variation' 
depends essentially upon the nature and age of the line and 
the character of the country through which the line passes. 
The resistance of some lines varies in bad weather as much 
as 50 per cent, in one day, but remains constant in fine 
weather. Short lines, as a rule, are little'disturbed by varia¬ 
tions of short duration, but long lines of 200 miles and 
upwards arc subject to constant varia|ions due to atmo¬ 
spheric changes at different points. R thunderstorm here, 
a shower there, excessive radiation at c4ie point, condensa^^ 
tion at another—all tell their tale. t 

163. But there are otlier causes fesides wet weather 
which interfere with the constancy of the|resistahce of a line. 
Earth currents and tlumderstorras are ;a prolific source of 
variation. The wires are also constantly subject to acci¬ 
dents of various kinds, most of w^hich produce variable' 
resistance. 

Bpt sutfterranean and submarine wirdS are free from most,, 
of these vicissitudes^ The resistance of their insulating' 
coating is practically constant Qables lie beneath the sea 
upon a cushion of equalJle temperafiire, arid are far 
removed from atmospheric disturbance, though they are still 
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liable to the effects of earth’s currents, and probably to those 
of atmospheric electafecity. 

164. Now what effect has this variation of the resistance 
of the line wire upon duplex working, and how is it provided 
for? Clearly it disturbs the equality of the line and com¬ 
pensating currents, and causes the one to preponderate over 
the other ; and if no means were adopted to compensate for 
this variation, duplex telegraphy would be impossible.. There¬ 
fore the compensation circuit is not only made similar to the 
line circuit in resistance at the outset, but it is supplied 
with an apparatus called the rheostat^ which enables this 
resistance to be varied w’ith the variation of the line circuit. 

165. The rheostat, fig. 100, is a box of resistance 
coils so arranged that the motion of the handles adjusts 
the resistance of the compensation circuit at will. The 
figures over which these move indicate the number of units 
of resistance which will be inserted in the circuit according 
to the position of the handles. The arrangement is such 
that each handle can move over only one half of the dial: thus 
the maximum resistance which could be inserted in the 
circuit by tlie rheostat shown in fig. too would be 4400®. But 
as an adjunct to this a coil offering a resistance of 4000" 
is placed at the side of the main box, and this can be cut 
out of the circuit or inserted in it at will by means of the 
I)lug/shown in fig. ioT.| 

166. The experienced clerk knows how to vary the 
resistance of the compensation circuit principally by his ear. 
He commences by sending to the distant station, varying 
the resistance in the rheostat until no marks are made upon 
his o\vn instrument; he then holds his key down, requesting 
the distant station to w’orjc to him, and varies the resistance 
of the rheostat until the signals received from the distant 
station come out not only distinct and clear to the eye but 

* For Ijjl particulars as to the subject of Resistance and Resistance 
CoilA the sliident is referred to Chap. XVI. (‘The Measurement of Re- 
.si.5laoceq in Fluerning Jgnkitfs Ekitricity and Magnetism, ahd to Part 
IL ill Hand book’. ^ 








152 Electrostatic Capf^ity, 

to the ear also. If, during workingjlthey lose this clearness 
and distinctness, and appear to become 'bhen the re¬ 

sistance of the rheostat must be increased \ if, on the other 
hand, they become hemner^ the resistance must be decreased. 
The ear is thus a true indicator of the preponderance of the 
one current over the other. The eye also is a sure guide, 
for the firmness and clearness of the signals received are soon 
lost if the equality of the two currents is disturbed. If the 
marks fail or are clipped the compensation currents prepon¬ 
derate, and the resistance of the rheostat must be incre^ied; 
if marks nin together the line currents preponderate, and the 
resistance of the rheostat must be decreased. 

167. The effects of electrostatic capacity have already 
been alluded to (§ 128), and if they were not compensated 
for they would seriously impair duplex working. Not only 
do line circuits possess this capacity, but it varies with the 
weather. The return currejits due to induction disturb the 
balance. If when a is working to B (fig. 97) alone, there 
were indiStion in the line, the return currents would flow 
back through e and record marks. This is remedied simply 
by inserting in the compensation circuits condensers whose 
capacities are such, as to produce equal effects to those of 
the return currents from the line (fig. 103).' Thus the return 
current from the line passes through the one wire of the 
electromagnet e with the same strength, and at the same 
time, but in the reverse direction to that of the return cur¬ 
rent from the condenser, passing through the other coil of 
the wire. Thus the effects of induction are neutralized. 

168. But the electrostatic capacity of the line varies. 
It is greater in dry weather than in wet. The condensers 

‘ used are adjustable to compensate for this variation ; and 
being inserted at certain points in the compensation circuit, 
their capacity can be varied in exactly the same way as the 
resistance of the compensation circuit. 

done by Mr, J B. Steams, to whom alone is entirely 
dQe ;the^4p£bessful introduction of .duplex working. 
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169. The ear and tlJb eye are each a guide to the want 
of adjustmdht in the condenser. If the adjustment be not 
right a dot will be formed at the sending station when the 
key is depressed if the capacity of the condenser be not 
large enough, and when the key is raised if it be too large. 
Received signals are also broken when the key is working, 
while they are unaffected when the key is at rest If a 
continuous current be sent from the distant station an un¬ 
broken line or signal will appear when the key at the send¬ 
ing station is worked if the adjustment be right, but if it be 
wrong the line will be broken. 

170. The effects of electromagnetic inertia do not intro¬ 
duce any irregularity in the working of the differential 
system. They tend only to reduce speed of working. The 
effects of one wire are exactly compensated by those of the 
other wire, so that no disturbance of signals results. 

2. The Wheatstone Bridge, 

171. We have entered so fully into the working of the 
differential system, that little remains to be said on the bridge 
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method. The differential principle is dependent on producing 

an equality of currents, but the bridge principle depends on 
produ^ng an equality of potentials. Fig. 102 shows how the 
stations a and b are connected together, c c' is the line wire, 
R is the rheostat, whose resistance is equahto line, a c and a c 
are two artificial resistances equal to each other. The key k is 
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connected up '«ith the battery in thelisiial way. The relay P is 
fixed between c and c. The recorder or sounder, which is 
worked in the ordinary way by the relay, is not shown in the 
figure for the sake of simplicity. The apparatus at b is pre¬ 
cisely the same in every respect. Now when a depresses 
his key k a current is sent, and this current splits at a ; one 
portion passes through the line wire to B, making earth 
through the apparatus at that station, and the other passes 
through the rheostat R to earth at A. These two currents 
are equal, since the resistances opposed to them are equal. 
Since the points c and c are equidistant from a their poten¬ 
tials are the same, and therefore no current can pass between 
them. Hence the relay is not aftected when a alone 
is sending to B. The same exactly occurs at b when 
it alone is working to a. Thus we are able to send currents 
to a distant station without affecting our own apparatus. 

172. The apparatus at b duly registers the marks when 
a is sen>|ing, for the line current on reaching c' has two 
paths open to it—the one through cV, the other through 
c' b. That through c' <f works the relay, and causes marks 
to be recorded. The strength of this current will depend upon 
the relative resistances of the parts cV, c'^, ^'^and 
^ E. We have assumed the branches d b c’ b to be equal to 
each other; but it is not necessary for the resistances of the 
branches to be equal; they may behr any ratio to each other 
provided the same ratio is maintained between the resistance 
in R and that of the line circuit. By making the resistance 
oi <f b small compared with d b^ we obviously increase the 
strength of current passing through d d. If we made the 
resistance ^ d b nil, nearly the whole of the current would 
pass through c'r if only the resistance of d c is small com¬ 
pared with that of d b) or, again, if the resistasice of the 
branch E is made nil, nearly the whole of the current.would 
pass through dc. But in either of these cases duplex 
working'.iwouki be impossible, for the balance of potentials 
^^hS^ is.necessary for it depends upon the r<tio. of the xe> 
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sistance mdb to that ill^ e being the same as that in c'^ 
to the resistance of the line circuit. 

173. To maintain duplex working we must establish a 
balance ; that is to say, we must keep the potentials at the 
points d and d equal when b is working to a ; hence as 
we vary the resistance in d b, we must likcwnse vary that of 
^ E in the same proportion if the ratio of c b to the line 
remains constant. But the reduction of the combined 
resistances in d b and d e has an effect upon the outgoing 
currents which must not be lost sight of, that is upon the 
current which B sends to a as well as upon that which 
A senljs to B. The smaller the resistance is made the 
lower it reduces the potential of b^ and consequently di¬ 
minishes to the same extent the strength of the current going 
to line. 'I'he greater portion of that sent from b's battery 
will take the circuit bd A similar result would of course 
follow at A if the same thing were done tliere. Hence it is 
evident that the resistance of all the branches must bear a 
given ratio to each other in order to produce the maximum 
effect upon the relay at each station, and that this ratio will 
vary with every circuit of different resistance. It is a fact 
worth recording that a duplex circuit transacts more than the 
work of two wires running, side by ^dc,> because such a 
circuit is fre^ from the delays due to corrections and intcr- 
rui)tions in single working, and ^from .;the disturbances and 
retardations due to the induction and, leakage from wire to 
ware. Generally it may be said that the smaller the internal 
resistance of the battery is the more w« can afford to reduce 
the resistance of the branches bd and;' e, and therefore the 
greater will be the proportion of the current posing through 
the relay in d d \ and the larger we can make tne resistance 
of d bf compared with that of d d^ the greater will be the 
diffejjence of potential between c' and f, and, consequently, 
the stronger the current passing through d d. 

The best practical results are obtained when the resis¬ 
tance of dk is half that -of db —^tlie latter being about half 
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that' of the line. The resistance 0^' the batteiy should be 
made as small as possible, and therefore large-sized cells are 
always used for duplex working. 

The balance may be adjusted by altering the branch 
cb or or by varying both together by means of what is 
called a slide^ but in practice it is found better and simpler 
to alter only that of <:'e. 

174. It can thus be seen that when a is working to b 

alone, or b is working to a alone, the apparatus at the 
sending station is not affected, and marks are duly recorded 
at B or A, as the case may be. When now a is sending to b 
at the same time as b is sending to a, with the resistance'in 
the various branches at b and a duly proportioned, the 
equality of the potentials at the points c c, and at the points 
<j' q! is disturbed; they vary, currents therefore pass, and 
these currents are in the same direction and of the same 
strength as the ordinary currents when one station alone is 
working, ^"or looking first at station b when k' is depressed, 
the potentials at c' and d are equal, provided the resistance 
in the various branches at b have been duly arranged ; but 
K having also been depressed, a certain portion of the current 
from A reaches c'; tlie potential of c' is therefore increased 
above that of r', and a current flows through cV, whose strength 
depends upon this difference of p^ntial, and is manifestly 
the same as when K is at r^st, current flowing from 

b’s battery. Exactly the same reasoning will apply to a, and 
thus we see that while a is sending messages to b, b can also 
send messages simultaneously to a upon the same wire. 

175. The chief point of this method which characterises 
it from that already described is that itjs indipmdent ef the 
character of me apparatus used for receiving messages. It will 
work as well with the delicate mirror apparatus as •with the 
roughest Motise tec:;rder : by means of this arrangement the 
simple Sounder can be manipulated as well as the rapid Wheat¬ 
stone ifutomatk instrument. Thus no special apparatus is 
reqtill^ for its introduction except a supply of resistance coils. 
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Bfidge Principle, 

Thus duplex worting is applicable to every species 
of instmment, and is even possible to work one instni- 


LINE 



ment at one station and another kind of instrument at 
the other station. Thus in France Mr. Stearns has worked 
the Morse at one end of the line, and tlie Hughes at the 
other. Again translation is as simple as in ordinary working, 
and our only reason for not describing it, is the fact of its 
being so little used because it is so little required in England. 
Haverfordwest translates upon the Londqn-Valentia duplex 
circuit, and has done so since July 18J3, and several trans¬ 
lating stations on one circuit are employed in America. 

-176. The effects df a variation in i the resistance of the 
circtiit or in its electrostatic capacity are|elt in the Wheatstone 
bridge method of duplex forking asmydi as in the differen¬ 
tial, and exactly the s^e steps are talil^n to obviate these in 
the former case as have been already described in the latter. 
But the irregularities due to electromagnetic mertia which 
are not observable in the differential system become evident 
in the Wheatstone bridge; and to the f^t that; no means havq 
yet been adopted for overepming these, the all but universal 
introduction of the differential method of working in prefer- 
to the Wheatstone bridge is probably to be ^ribut^ 
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CHAPTER VI. 

CONSTRUCTION. 

174. Telegraph lines are divided into two great classes. 
I St Those in which open, that is overground, wires are cni' 
ployed. 2nd. Those in which covered wires, whether sub¬ 
terranean or submarine, are employed. 

When the choice lies between these there isH^no hesi¬ 
tation whatever in selecting the former j for not only is 
their first cost less, but faults occurring upon them can be 
far more readily traced and rectified. 

A. Overground Lines. 

175. In England these are for the most part erected 
either by the sides of the roads or along the banks of the 
railways. ^)ccasionalIy they are put up by the edge of the 
canals, although'as a general rule the road and railway are 
to be preferred. 

176. The advantages which road and rail respectively 
offer as routes for telegraph lines are so numerous that it is 
no easy matter to say which is to be preferred. Although 
the first cost of the erection of a telegraph line upon a 
road is greater than upon a railway, its subsequent main¬ 
tenance, under certain conditions, is less. I'he super¬ 
vision of it is likewise more perfect, for the fact that the 
poles are erected along the side*of a road induces better 
inspection. The inspecting officer can hardly help inspecting 
every wire and insulator, and little imperfections are thus 
easily detected and removed before they have time to be¬ 
come injurious. The lineman placed in charge of*a length 
by road must w'alk his length ; even if he succeeds in obtain¬ 
ing a ride, he cannot; be carried Xoo fast for the examination 
of Ae wii^s. Upon the railway, on the other liand, walking 
is difficult, and is consequently too often neglected—the 
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lineman contenting hiiipself with travelling by train, from 
which close*inspection is next t6 impossible. 

177. The reparation of faults again is as a general rule 
more speedily carried out upon roads than upon railways. In 
the case of the former, the lineman can start immediately 
the fault is reported to him : with the latter, he has not only 
too often to wait some time for the starting of the train, but 
frequently is carried past the fault, and has to return to it 
many miles on foot. Hence it is that not only is tlie num¬ 
ber of fadits less, but they are also of shorter duration, upon 
roads than upon railways. 

It has been generally assumed that a line by road is more 
liable to wilful damage than one upon the railway.. With 
the earliest telegraph lines this was true, but experience of 
late years does not confirm the assumption. Insulator 
breaking is the main evil which has been met with-on roads ; 
but the examples made of offenders in this direction have 
acted as a wholesome lesson to others who may be similarly 
inclined. 

178. Materials .—The materials employed in the con¬ 
struction of an open line of telegraph may be classed under 
the three folio,lying heads: i. Supports, 2. Wires. 3. In¬ 
sulators. 

T. Supports. 

179. The choice for these lies between w^ood and iron. 
In '£n|[land the former is all but universally employed. The 
latter is occasionally introduced, but only to meet the wishes 
of various persons who have an idea $iat an iron pole is 
not so unsightly as a wooden one. '^he main advantage 
which wood possesses over iron for the puri^ose of telegraph 
supports lies in its first cost. In England it is about three 
times as clieap as iron; and although the maintenance of 
wood,Vhen left in all but its natural condition, far exceeds 
in cost that of iron, yet timber subjected to one or other 
of the preservative processes which have been invented in 
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comparatively recent years has thus /far shown so little sym * 
ptoms of decay that experiJnce does not yet warrant our 
forming any definite opinion as to the relative cost of main¬ 
taining it and iron. If, again, the^e by any-chance touches 
an iron pole, good * earth ’ is at once obtained by the current, 
and the circuit is broken down ; a wire may, on the other 
hand, be in contact with a wooden pole, and only in very 
wet weather would it be found difficult to work through it. 

180. The telegraph poles used id England are generally 
rotmd timber, except the terminals,* which are square, and 
cut according to the requirements of the line. The round 
poles were at first specified to be not less than 4 in. in dia¬ 
meter at the top foY all the minor lines, and 5 in. for all heavy 
trunk lines: this limit, on account of the multiplicity of 
wires, has now been extended to 5 in. for the former, and 6 in. 
for the latter. On the earliest telegraph lines the very best 
Baltic timber in a square form was employed,' but for 
econom^l reasons this soon gave way to native-grown 
larch, i^ich along with Scotch hr is now chiefly made 
use of. The square terminal poles are as a rule cut from 
Memel timber. 

181. The larch and Scotch fir are felle<^in the months 
of October or November, when the sap ceases to rise, and 
for the sake of durability as well as strength they are 
required to possess the natural butts. The age of the tree 
when cut ranges from 25 to 50 years, and van^ according 
to the soil upon which it is grown. Its average life as a 
telegraph pole—^provided it has been planted in an unpre- 
par^ state—may be set down at seven yearn, but this'vaties 
also according to die nature of its parent soil, as well as 
of that to''which it has been transferred. If grown upon 
poor and ^^ky ground it is closer gimned, and ther^ore 
more durable jtthan If reared.in rich land; whilst expepence 

: ' ' L ' . . . • ' 

, V By a U meftttt tiot only the last pole at eech end of 

at which 
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has shown that in. sancSty soils it wjill decay more rapidly 
than in thic^ day, in. chalk than in rock, in vegetable mould 
than in gravel; > ' 

182. There are two kinds ^of decay to which a telegraph 
pole is liable, Viz^ dry-rot and. wet-rot. 

d. I>ry^ot is very seldom met with in telegraph poles in 
England, and' no speCjial steps have ever therefore been 
taken to guard against it It is due to a species of wood- 
fungus—^the Merulius laehrymans —^which destroys ‘the. ten¬ 
sile and c*ohesive power the wood, and gradually reduces 
it to notliing but a fine powder. This fungus thrives best, in 
a close moist atmosphere without draughts, such as is found 
in the close parts of the framing of ships. It seldom attacks 
open timber work except in the parts where a free circulation 
of air is impeded, such as the heels of iron-shod poles and* 
the like. 


b. Wet-rot is the destnictive agent at work more ca: 
less on all telegraph poles, and it is to stay its ravages that 
all the preservative processes have been invented. This 
wet-rot is of two kinds, chemical and mechanical. In the first 
a species of slow combustion or * cremaiamis * takes place ; 
under the influ<ice of heat and moisting JUie albuminous and 
nitrogenous materials, of the sap ferme|j!t, and decompose 
the cellulin and lignin—the two constiti^nts of which every 
description of .timber is formed ; and b¥ a gradual process 
of; oxidation the pk)le slowly but sprey rdts away. The 
germs iof apimal and vegetable life gradip^ly begin.to make 
themselves evident, and exercise a destnmtive 

\But it* is to the second or mechan^dl kind of wet<-rQt.,A 
that the decay 6f most cif the telegraph .^ples in England ^ 
mainly dun.. The. j>oiiit.at which^ h ' itse^ evident is ‘ 
unf(ntuaat«ly that at the ground line^ (^, asit ismorefie^ 
quently termed, the uoind and water lide. It is here, where 


the vaiyii^ conditions of mofsture^d temperature are mo^ 
felt, ahd.to 

if timber a stai^e o^; 

• 'k ' ’ 
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moisture—whether it be perfectly dry or whether it be kept 
continually under water—a very long period wiir-elapse before 
the symptoms of decay begin to make themselves evident, 
unless indeed dry-rot is present. But where there are rapid 
alternations of condition as regards heat and moisture, a 
process of disintegration is commenced which goes on 
steadily increasing until the entire structure crumbles away. 

I S3. All the methods which have been adopted for the 
preservation of timber may be divided into two classes: 
those which have been applied externally^ and those which 
have been applied internally, 

1S4. The external applications are;— 

a. Seasoning .—The poles when felled are cleared of their 
branches, the bark is stripped off, and the knots shaved down ; 
they a-'e then sheltered alike from the sun and the rain, 
and stacked in such a manner that the air is allowed to cir¬ 
culate very freely amongst them. In this way the evapora¬ 
tion of the sap is promoted. To get rid of the sap and the 
inherem germs of decay, timber has been kejJt immersed for 
a time in salt water; artificial drying in a hot-air chamber 
has also been resorted to, but the most perfect seasoning is 
that which is effected .simply by exposure to free currents 
of air. 

b. Charring and Tarring .—This process consists in 
gently roasting the butt end of the pole, after having been 
well seasoned, for a length of about six feet, over a slow 
fire, and removing it immediately the siurface becomes 
well blackened without being burnt. The object is to 
expel whatever sap remains, to kill whatever*animal or 
vegetable life may be present, to prevent absorption of 
moisture, when tlie pole is planted, by destroying the 
external pores of the wood, and substituting an , impervious 
covering in their place, and finally to surround that por¬ 
tion m^t liable to decay with a powerful antiseptic in the 
^ape .of carbon. The bottom of the pole,, as well as 
llie portion .which has been charred, should then be well 
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coated with a mixture of three parts of Stockholm tar to 
seven parts Bf gas tar well boiled, and three parts of slaked 
lime added, care being taken to scrape ofif, before the tar is 
put on, any part of the wood which may have been burnt 
during the process of charring. The tar assists in more 
effectually accomplishing the object of the charring, and by 
being applied to the bottom of the pole prevents the mois¬ 
ture from entering there and making its way upwards under 
the influence of capillary action. 

185. Various local applications have been made at the ' 
wind and water line to prevent decay from setting in, and 
although some of these have been moderately successful in 
attaining the end they had in view, yet all have been aban¬ 
doned in favour of one or other of the preserving processes 
which have since been invented. 

The decayed portions were at first scraped off, and as- 
phalte was applied for some distance above and below ‘ the 
wind and water ^ line ; cast iron and earthenware cylinders 
filled with asphalte were then tried without success; and 
finally wooden poles fitted with screw iron sockets, exclud¬ 
ing the moisture from the wood, were put up ex])eriraen- 
tally. These last have answered the purpose on the whole 
well, and after the lapse of nearly twenty years the poles are 
reported to be in a very fair state of preservation, and to 
have required no renewal except in occasional instances 
where they had rotted near the sockets,'owing probably to 
the latter being too deep in the ground or to the earth 
having been piled up over them, so |as to exclude the 
circulation of air and admit moisture. * 

186, The internal applications are of >tw'o kinds : a. The 
introduction into the pores of the w^ood^of certain metallic 
salts, whicli, by entering into chemical' combination with 
the al))uminous materials of the sap, produce chemical’ 
compounds unfavourable to decay, b. The introduction of 
some oil which^in addition to acting as an antiseptic, renders 
the wood waterproof. 



j64 Preservation of Timber. 

' 187. the first class thr^le best known processes 
' are: .(a) Burnetisit^-, (b) ICyanisin^j a.nd {f) Boncherising. 

{yu) .Bum(!tising consists in impregnating the timber, 
when perfectly seasoned, with chloride of zmc. The poles 
dlrb plieed in an open tank filled with, a solution of this salt, 
^d allowed to remain for a length, of time, varying accord¬ 
ing to the condition in which they are, , until thoroughly well 
* soaked. 

{b.) Kyanising consists in treating the poles in ejcactly 
•the same fashion with a solution of corrosive sublimate 
(perchloride of mercury). 

(c.) B&ncherising consists in injecting a solution of 
copper sulphate longitudinally through the entire length 
of the pole. The poles, instead of being well seasoned, 
must be in the green state in order to undergo this treat¬ 
ment ; if. they are at all dry the process cannot be applied. 
They are simply cleared of their branches, drawn into the 
, Bouchyising yard, laid upon a rack, and the solution is 
then applied to the butt ends under, the pressure which 
the liquid itself has acquired from a head of about fifty 
feet, at which the tanks containing- it are placed. This 
.' is' kept on until the blue solution is observed to issue 
: from the top of the pole. The time occupied by this opera- 
' tion varies according to the season of the year at which the 
work is Carried on. It succeeds best in the spring and 
autumn, as at these seasons the pores of the wood are nmst 
^ 1 frost effectually stops it. As short a time, as possible 

allowed to elapse betwe^ the felling of thu timber 
. its being placed on the Boucherising frame, for tnfe more 
-open l^€^ p£^€S aro the more easily is the process carried 
;on. For this reason Scotch fir can be W'inore easily Bou- 
cberised tfaan larch ; quickly, grown'timber more^easily than 
“that of hai^, growth. • ' . ‘ 

^ vt884^' the r second dass of internal applicaticms the 

requires to be mention^ is., that; of 
Creosote is one of the numefouVprod^cts of 

m. ^ ^ , < 
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coal-tar, and is obtained fromTit by the process of dist^ 
lation* When applied to timber .it not only acts as a power- 
ful antiseptic, destroying the germs of vegetable life, biit 
by surrounding the pole >vidi an oily covering it renders it,‘ 
impervious to moisture. The. process^ can be applied 
ta well-seasoned timber 1 upon green wood it is entirely 
thrown away, and is in fact worse, than useless, for it pre¬ 
cludes the escape of the moisture from the pole, and thereby » 
fosters rather dian prevents the progress of decay. ' The 
poles to be creosoted are placed in a cylinder whidi is rjsn- 
defed air-tight, and> from which the air is very carefully 
exhausted. Creosote is then applied, and* forced in at a 
pressure varjung according to the contents of the cylinder .: 
the time during which it is applied ‘will likewise dCpeW 
upon the contents of the cylinder and the; conditi<mMii 
which the timber is. When in proper condition timber 
ought to absorb eight pounds of creosote cubic foot^; - ‘ 
189. Of all the processes which have as yet beeh(^vised 
for the preservation of timber, creosodi^ is that whicli 
been attended with the most beneficial re^t^lts, .1^' 
given universal satisfaction. . It would, fact, be^pff^nature,. 
to assign a limit to the life of a proi^rly-creosotCd 
Several which were erected between J^reham and T^irti^- 
mouth, on the lx)ndon and South-Wes^^ Kailway, in 
49, were examined a short, time since (ri74)^,fimd fi[>und%>^aU 
appliance to beiin as gooda state of piiservatiQnas bu the 
day when they were first planted. Im^ncea hive occu^<j^\ 
in which, after the lapse of' only a fevi years,,;lt 
found • necessary to tenew creosoted pyles, but in ' 

is more than likely-that either,, decay ha^ coinm^iced befo^/, 
they underwent the process,v^r,,being i|npr6j^rly seasc^pi^, 
they wetemot in a fit state ta be sibjectbd to' it' Jt 
however, be added, that the creosote at^the 
day is sold fat the preservation- of tober 
qualiil5^ to t^t which was formedy.^pJoyedj' at^;,^^ 
this accouttSni> reBable ^conclusions cab 
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froi#the experiente of the past as <b the value of creosoted 
timber in the future. The antiseptic properties of creosote 
are mainly due to the presence of carbolic and cresylic 
acids ; and these, which in former days were to be found in 
very large proportions in commercial creosote, have of late 
years become so extremely valuable as articles of com¬ 
merce that they no‘ longer exist to anything like the same 
extent as previously in what is now sold under that name. 
How far this may affect the value of the process it is at 
present impossible to say. Creosoted timber after being 
planted for a few years should from time to time be served 
with a coating of tar; for under the influence of the 
sun’s rays the oil is frequently drawn forth, and either eva¬ 
porates or trickles down the pole, leaving almost perfectly 
bleached that side which has been exposed to the sun’s 
action. The virtue of the preserving process is thus greatly 
impaired, and should be restored by a coat of tar im¬ 
mediate^ the pole is observed to assume a brown rusty 
colour. 

190. Next to creosoting the Boucherising process has 
found most favour, and possesses some advantages over 
creosoting. It can be applied to the timber immediately it 
is felled, and the work of preparing the pole can "then be 
completed, without much delay, in the forest where it is cut. 

’ Boucherised timber, again, can be employed w'here, frpm 
objections to either the appearance or the smell, creosoted 
cannot. Unlike the latter, too, it may be painted, although 
the blue marks of the copper sulphate gradually make 
their appearance through the paint, unless it be of a dark 
green colour, which for this rc«'*son is generally preferred. 
To overcome this objection, so far as painting is concerned, 
inr the cas<^ of creosote, i)lain poles have been served with 
*creosotg to a distance of from six to eight feet from the Btitt 
end bf ^)eing submerged for a length of time in a tank of 
the Jelling oil, and then painted for the remainder of their 
So far as experience goes this has been found to 
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answer very well A greliit drawback to the etnploymei|t df 
Boucherised timber is the destructive effect which the copper 
sulphate has upon the ironwork made usC of in fitting up 
the pole. This being generally of a very light character, is 
rapidly eaten away, and in the course of a few years is 
rendered useless Viewed simply in the light of a pre¬ 
servative, Boucherising ranks far below crcosoting, and 
compared wdth it may be pronounced as a failure ; at least, 
so far as their application to telegraph poles is concerned. 
The average cost of each is about the same, and runs to 
nearly tw^opence per lineal foot. 

191. Bumetising and Kyanising are seldom adopted. 
The latter has been abandoned mainly on account of the 
poisonous nature of the salt; and the former possesses the 
same inherent faults as Boucherising, i^i addition to the 
further disadvantage that before it can be applied the timber 
must be well seasoned. Both the chloride, of zinc and the 
copper sulphate are said to wash out, a result which is in 
all probability due to the compounds formed by them in the 
pole having lost their stability of character, owing to the en¬ 
trance of either air or moisture through the pores of the 
wood. 

192. Iron Poles .—As has been already remarked, iron is 
but little employed in England for telegpph purposes; and 
when it becomes necessary to use it, the poles are usually of . 
a light and ornamental description, to^ suit the wishes of 
those who insist upon them. But in couljtries where ^vood is 
extremely perishable either from natural decay or from the 
attacks of the white ant, and preservative processes on ac¬ 
count of their expense cannot {)e introduced, as well as where 
the means of transport are -limited, iron poles are very 
extensively used. On account of their weighing less than 
wooden poles, and being carried in pieces of convenient 
weight and bulk, they can be more easily conveyed from 
place to place. 

XQ3. The pattern of iron pole which has found the most 
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general acceptance, 
and is now em¬ 
ployed in almost every 
quarter, of the globe, 
is the tubular post 
invented by Messrs. 
Siemens Brothers,and 
a drawing of which is 
given in fig. I04. It 
consists of four parts, 
viz.: the foot plate (z?), 
the lower tube of cast 
iron (^), • the upper 
tube of wrought iron 
(^), and the lightning 
conductor (I). The 
foot plate is a buckled 
plate,of sheet-iron, of 
the form shown; it 
combines great ri¬ 
gidity with a certain 
toughness, enabling 
it to yield to sudden 
arid excessive strains. • 
The square elevation 
in its centre has 
four bolt-holes corre- 
sjKmdmg to the same 
number in the lugs at 
the bottom of the 
lower tube. This 

A. 

lower tube-or socket 
is nsade of cast-iron, 
and is fastened to the 
foot-plate by means 
of four bolts: 





Haikilton's Standard. 


169 

near the top it has otj its inner surface a projecting iftn 
rim, upon which the bottom of the upper portion of 
the pole rests. This upper portion, which is secured to 
the lower tube by means of a cement composed of 
sulphur and oxide of iron, consists of a welded wrought- 
iron tube tapering towards the top, to which is welded 
an iron ring, for the reception of the lightning-con¬ 
ductor. 

Thft poles vary in size according to the work which is 
required of them, and as a general rule their cost may be 
set down at about three times that of wooden posts of the 
same strength. They are mimbered according to their 
nominal breaking strain in ewts^ 

194. Another pattern of iron pole which has been largely 
introduced into India, where its employment for. several 
years has given great satisfaction, and where it has been 
considerably modified and improved by Major Mallock, is 
that known as Hamilton’s Standard (fig. 105). 

£adi standard taken separately consists of— 

2 or more galvanized wrought-iron tubes a and 
I cast-iron socket c. 

I cast-iron disc plate 

I galvanized cast-iron cap 

I galvanized cast-iron lightning.discharger / 

The wrought-iron tubes are, as* a rule^each efght feet long, 
and are made in a series to one tap^, so that two, three, 
four, or five may be, joined together lo form one post in 
combination with corresponding sizes of caps, Sockets, &a 
Each tube fits into the size smaller and on to the size 
la^er than itself, and is strengthened by broad rings g g. 
1%^ are put together by simple hammering. , , 

Wooden tops were tried upon similar poles*fn India, but 
proved, a fSailure; the timber speedily decayed before the 
ravages of the white' ants* The insects made their way 
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►up the hollow iron tube until tffey 
reached the top, which gradually 
crumbled away under their attack. 

195. The especial feature of the 
iron pole introduced by Mr. Oppen- 
heimer, of Manchester, and exten¬ 
sively used in Australia, is the cast- 
iron base. This is shown in fig. 106. 
It is of the form of a pyramid, with 
moderately sharp cutting edges, and 
is driven forcibly into the ground 
by means of a descending weight 
which is worked by the tripod ar¬ 
rangement, shown in fig. 107. 
are two simple pulleys over which 
the ropes carrying the handles 
h pass. 'I'hese are attached to 
the driving M'eight, w, by means of 
the hooks, as shown. The cast- 
iron base is placed on the spot 
marked out foif the pole, and has a 
temporary socket in.serted in it. The 
pad or rojie-bi^er, b, is next placed 

over this, and 
over that the 
driving weight; a 
slide rod is then 
fitted through the 
head of the tri¬ 
pod and dropped 
through a hole in 
the top of the 
weight into the 
temporary socket 
The weight is 
then raised along 
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this slide rod and al¬ 
lowed to' fall on the 
rope-buffer; this opera¬ 
tion is continue until 
tlie cdlt-irort base, is 
level with die ground. 

196. The slide rod 
■ being removed, the iron 
pole is fixed in fe place. 
This was at first effected 
by means of a cement, 
as in Siemens’ pole; but 
the cement has been 
abandoned, and in its 
place iron wedges, vary¬ 
ing in size, are now 
employed, in order to 
render the pole tight 
and secure in the socket. 
These poles, when erect¬ 
ed, are very firm and 
unyielding at the ground 
line, for the earth is 
compressed and punned 
more firmly than at the 
outset by the base as it 
’ is driven in. 

i 

. 2 * Wire,' 

In selecting wire 
for toMgraphitc purposes 
the. joints to be borne 
in nund are economy 
and durability, combined 
with'dow resistance to 
the jiassage of elec- 
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tncit/. . is the niAerial which most closely fulfils thfee 
conditions, and iroi^ wire is, consequently, all but universally , 
employed ib open telegraph lines. Copper cannot be used, 
not only on account of its intrinsic value, but from the fact 
that it bears little, tension, stretches excessively, soon loses its 
elasticity, and is much affected by temperature : it has been 
tried in different countries, but has always proved a failure. 

-198. Iron Wire." There are various qualities of iron 
wire, known under the names of * 4 >est best,* ‘ extra best 
best,* itnd ‘^arcoal* wire.* The last named is the most 
expensive, and in the earlier telegraph lines it was in general 
use on account of its being more easily welded than wire of a 
lower quality. To the present day it is largely employed in 
France and elsewhere. The improvements which during 
the last twelve or fifteen years have been made'in "the 
manufacture of iron wire—getting rid of welds altogether-- 
fed to the abandonment of charcoal wire and the substi> 
tution in its place of the quali|y of soft iron wire known as 
‘ extra best best,’ which is nO^^ but universally employed 
in England for telegraph work. For 1 exceptionally longer 
spans a harder iron wire, or occasional^ steel wire, which is 
stronger, is used. ’ 

199. The * pigs * of iron from whicS the wire is drawn are 
first of all * puddled ’ in a furnace; the ^all of puddlediron is 
then placed under a very heavy hamme^ by which it is beaten 
out into a compact form. It is th^ jiiassed between a 
series of rollers, from Which it finally emerges in the shape of. 
a bar,^ much increased in length and wuced in thickness. ' 

. 200. The bar. is then pa^ed throtm;what is technically 
known as/the rolHng-mill/ This mchine consists of a 
series eff rollers, placed in pairs altei^tely horizontal and 

J These terms 8Arfetemp|ayed simply to distinguish the various qinah- 
ties of wire. *Best best^ is the .ordinary puddled wire, atid is in fket . 
ind'iscriminately applied to almost any kind of telegraph wire or iroh 
bar. ‘'Extra best M^ a still hl^cr quality, and is obtain^ by the - 

introduetfon of char^l irmv in connection wiib' the last rauned; Char-, 
coal wire has, however, a greater conductivity than other kind of 
iron wire. , 
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vertical. Each is grooved, but Hie size of the groove 
diminishes with each succeeding pair of rollers. Thus as 
the bar passes through these its length is increased and its 
diameter reduced to whatever extent may be desired. Each 
‘ pair of rollers have their speed controlled by septote driving 
gear, and upon reflection the necessity of th's will be seen : 
the length of tlie bar increases between every pair, so that 
what enters the mill at a very slow pace finally issues from it 
at a tremendous rate of speed, varying of course according 
to the diameter to which the bar has to be reduced to con¬ 
vert it into wire. 

A wire is reduced to a smaller gauge by being forcibly 
drawn cold through a ‘ die * whose diameter is rather less 
than that of the wire itself. 

201. The largest wire employed in England is that 
known in the Birmingham wire gauge as No. 4, having a 
diameter t>f *240 inch. It is used, however, only under 
excepticml circumstances, or upon very long circuits. The 
wire in general use for all tfe^ugh circuits is No. 8 (diameter 
*170 inch). No. ii (diameter *125 inch) is used for all short 
circuits of minor Importance. For binding purposes No. 16 
(diameter ‘065 inch) galvanized wire of the best selected 
charcoal iron, highly annealed, very tough, soft and pliable, 
is employed. It is the only form of charcoal wire still 
retained in England. 

202. Iron wire if left unprotected speedily becomes 
oxidised in the open air, and f()r this reason ought to be 
covered with' a protective covering of zinc, which is not 
acted upon by^either moist or dry air. . To this process of 
coating the wire with zinc the tcfrm g<^lvanizing is applied, 
and wire so treated is known as galvanized iron wire. Of 
late years considerable improvement has been made in car¬ 
rying this out; the most approved method is the following, 
which combines Into one the three processes of annealing, 
cle^pingj.and galvanizing the wire:—The hard iron wire is' 
fli^ .tengpiered by being passed through a heated tube \ it is 
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then drawn for a few se<jpnds through a batli of hydrochloric 
acid, which*serves to removea.11 the surface impurities; it 
is next guided by means of rollers through a bath of molten 
zinc After leaving tliis the wire passes through a mass of 
.different material—including sand, &c.—which acts as a . 
gentle scraper, and is finaliy wound on the coiling druias in 
a thoroughly galvanized state. 

203. The wirie should be manufactured in as long lengths 
as possible, consistent with convenience in handling it when 
being erected; for, in the great majority of cases where 
y'ires break, from any other cause than that of being 
damaged during their erection or chafed after they are up, it 
will be found that the breakage occurs at a wM There 
should be no weld in properly manufactured wire. 

204. Flaws in a newly erected wire, due to impurities in 

the shape of cinders, &c., wliich have been allowed to find 
their w'ay into it during the process of manufacture, will 
make themselves evident on the occasion of the first frost, 
by the wire breaking at the p^ts where they exist. For 
this reason the bars from which the wire is drawn should be 
carefully selected from the best mah&rial only, and the 
danger may be still further obviated |[)y using, instead of 
one solid bar, a mass of metal composed of several different 
pieces laid together. Thus if eight pieces of iron be piled 
together—say four i J-inch billets box^d up in 5-inch tops 
and bottoms with 3-inch sides—and if^ these be well wash- 
heated, and rolled out into bars of abwt inch diameter, 
they will when passed through the l-ofirng-mill produce 
an entire length of about one-third 0^ a mile pf the No. 8 
gauge. Iron wire manufactured in t|is way is fpund to 
combine the ductility of strand with tile homogeneousness 
of solid ^ron, and reduces to a minimum any Of 

breakages occurring through flaws in it. ' . 

205. It is essential that the Wire.. employed in tele-, 
graphy should he free from‘flaws, welds, and impurities 
and that its tension or powier. to resi^ 
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be uniform throughout. Both the$e objects are attained 
by, one. and the same process, which is as follows :—The 
g^vknized iron wire is placed on a simple loose wheel, or 
, it is technically termed; from this it is drawn 

, aittehiately, over and under three or more small pulleys 
'animged in the manner shown in fig. 108. It then passes 



round a large V sheave, and is finally wound upon a drum 
which is turned with a velocity greater by about two per 
cent than that of the V sheave. The strain, which it will be 
seen is thus put upon the wire, not only tests it, blit makes 
evident apy defects which it may contain. To detect these 
the coils of wire previously to being issued should be care- 
fuUy%camined by the eye. 

206. There are four mbfehanical tests to which the gal¬ 
vanized iron wire may be subjected in order to prove its* 
quality, ist. It should be capable of being bent backAvards 
and forwards at right angles to itself a certain number of 
times without breaking, 2nd. It should be capable of being 
wound around itself a certain number of times without 
showing signs of splitting. 3rd. It should be able to bear a 
^rtain number of twists, varying according to the length, 

' without splitting ; this is the ductility test usually employed. 
4thv It ought to be able to cany a certain weight or resist a 
certain strain without breaking. 

* The' last named is the test which js generally employed. 

' It^is carried out either byhieans of a hydraulic machine or 
bf a scale and weights. The objection to the fomrier method 
is &at the additional strain in testing is too rapidly applied, 
and the wire not hjwing had .^ime to. yield to the ' previous 
Wsdn will really sho# a higte'Iptnii^r pos- 

'^lil^ses; widi the latter the additkmal weight?: should be 
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put on until the wive ha| been allbwed ample time to sttelch 
under tlie irffluence of those previously in the scale. 

207. Good soft irod wire^ such as that employed m 

graphy, should be able to bear ftom 18 to 20 per ' 
elongation in lo-tnch lengths. The breaking strain wiU'^ 
course vary according to the gaiige of the wire; thax fot' 
No. 8 should not be lower than 1,200 pounds, and for No« 
11 not less than 650 pounds. Galvanising, although it does 
not seem to have any appreciable effect upon the liH^eakisg 
strain of the wire, hardens to some extent the iron, and thus 
diniinislies the coehicient of elongation. ^ 

208. The following is a copy of the latest specification 
issued by the British Postal I'elegraph Department for the 
suiiply of galvanised iron wire to be employed on their 
system 

^1) The wire to be uniformly annealed, soft, pliable,, 
smoothly galvanised, free from scale, ineqiulify, flaws, 
si)lns and other defects and must be cylindrical and of one 
of the si^es shoi\n in the followiiag; fable, and subject tCf the 
hereinafter specified tests. J , 

(2) To be drawn in continuous pieces or lengths, of the 
weights given in the table. Each piece must be warranted 
not to contain any weld, joint, or sphee whatever, either in 
the rod before it is drawn, or in the finished wire. 

(3) After having been galvanised, th^ wire to be passed ^ 

under and over three or more rollers of pulleys placed at 
such distances and in such positions [sei figure roSj as the 
inspecting officers shall determine, for purpose of toting 
the quality of the wire as regards freedoA Yrom splits^ and to 
be then stretched (‘ killed’) to the esftenn of two per cent, 
passing round drums, either varying in mm^ter or diffcreiv^ 
tially geared as to speed. After being stretched, the wit# 
be smooth^ an*d uniformly coiled,* so as,to contain no bcnd& 
or sinuosities. ^ 

(4) aa^ of ibe wie of 
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break during ‘kiUing,’ the broket]^ coils will be accejited 
provided * 

{a) I'hat such broken coils do not exceed five per*cent, 
of the whole. 

(/i) That no broken bundle contains any piece of less than 
40 lbs. for the No. 8 gsuige and 20 lbs. for the No. 11 gauge. 

(c) That the wire xs in every other respect in accordanc e 
with the specification, and that it passes all subsequent tests. 
The makers are not to weld, joint, or otherwise splice any 
such broken bundles. 


Should breaks occur in more than five per cent of the 
bundles, the whole of the broken bundles will be rejected. 

Any wire of the No. 4 gauge which may be broken in 
‘ killing ’ cannot be accepted. 

(5) Every coil may be gauged for diameter in one or 
more jilaccs. 

. (6) Every coil of the supply may be tested for ductility 

and tensile sircngtlx, and five per cent, of the entire number 
of COTS may be cut and tested in any part Coils cut for this 
purpose or for the electrical tests are not to be \5relded or 
jointed together again, but the separate j)ieces are first to be 
bound in separate coils and then the two bound together to 
form a coil of the standard size,,so that they may either he ' 
conveniently jointed on the work before being paid out, or 
that broken coils may be chosen for short lengths when 
rcfiuired. 

(7) To prove its ductility the wire must be capable of 
bearj^ng the number of twists set down in the table without 
breaking or showing any signs of splitting, or other defect 
The test will be made as follows The piece of wire will be 


grijil’ped by two vices and twisted. The twists to be reckoned 
by n.feans of an iitk spiral formed on the wire dicing torsion. 
The ^ fnimber of twists must be distinctly visible Iwtween 
vyces, no fractions being reckoned. 

^tensile strength are to be madq by the direct 
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ai>pliance of weight vertically. No hydraulie machuie or.': 
lever is to be used. v 

ITie wite is at first to lift a weight equal at least to nine^'.J 
tenths (I \j) of the minimum tensile strength entered in the 
table for the size under trial, and the remarning tenth is to be 
added gradually by convenient ordinary weights of not less 
than one-fifth (J) of the remainder, or one-fiftieth (j\,) 
of the minimum tensile strength. No less weight than one- 
hundreth (rou) of the minimum will be reckoned- 

(9) I’he electrical resistance of the wire is not to exceed the 
limit shown in the tabic, and the resistance of each icst-piece 
to be reduced according to its weight, such test-piece being 
not less than one-thirtieih {,V) part of a statute mile in 
length. When the weight pei mile of any test-piece is either 
less or more ihan the reipnrcd eight, the resistance shall; 
not be so large as that when iniilliiilied into its weight per’ 
mile it would exceed the constant number shown in the table,- 
and in all (xiscs whete this product is greater than this, 
constant the wire will be rejected. 

(10) It must be understood that the mechanical and 
electrical tests referred to in pangrajihs 7, 8 and 9 arc to*bes 
applied to the wire after it has been ‘ killed/ as .specified in 
paragraph 3. 

(11) The whole of the wire of No. gauge (see tible): 
must be made from what is known as homogeneous metal, 
or steely iron. Paragraphs 3, 4 and 9 do not apply to wire 
pf this gauge. 

(12) If, after the examination of any particular jiarccl of 
wnre, 20 per cent, of such wire does not meet the rec|uirements 
of all or any of the foregoing stipulations, the whole of such !, 
parcel shall be rejected. 

(13) Tke approved wire to be made up in coils, propetiy;" 
bound, .within tne limits of weight shown in the table. 

(t^) Every coil of wire approved to be weighed seporatiely^ 
and the Wight stamped on a metallic label which' 
firmly aifixed to the itmer part of the coil 
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^15) The inspecting officers may be present during the 
whole process of making the wire, and shall at all times have 
every facility afforded them by the manufacturers. 

’(16) The testing shall be performed under the control of 
the inspecting officers, and they may cause to be examined 
and tested any and every coil, or any part of it. The con¬ 
tractor shall supply all machinery, apparatus, convenience, 
labour and assistance required for the mechanical testing of 
the wire, it being distinctly understood that the value of such 
convenience and service and of the waste incidental thereto 
is included in the jjriccs stated in the tender, 

■ {17) Proper lock-up accommodation must be provided by 
the contractor for the storage of approved, and for the distinct 
and safe custody of rejected, wire, under the control of the 
inspecting officers until finally disposed of on the completion 
of the contract. 


2^. Table referred to in the foregoing Specification. 
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Compound Telegraph Wire. —This,<m American 
' of comparatively recent date, has been employed 
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to a considerable extend in the construction of telegraph 
lines in various quarters of the globe. It consists of a tinned 
steel wire of the best quality, around which a cop[>er strip 
is wound helically. The steel and copper having been 
drawn through a draw plate, are firmly soldered together, 
and the compound wire thus produced combines lightness 
with strength, and a far higher conductivity than iron wire 
of the same gauge possesses. 

There can be no question that, could such a wire as 
this com])ound telegraph wire be made to last, it would be 
largely ado])ted, especially in countries Avliere the transport 
of materials is expensive ; and even in other countries tlie 
saving effected by its use in the other materials employed, as 
well as in the labour in the construction of a telegraph line, 
would form a very considerable item, and probably warrant 
its adoption in prcft-rence to iron w ire. 

In addition to this, the induction between wire and wire 
—which so often interferes with the working of fast-speed 
instruments on long circuits—would be less felt with a small, 
wire offering the same electrical resistance as one much 
larger, and a powerful argument in its favour might be drawn 
from this fact. But until the indispensable condition of 
durability can be ensured, it is almost idle to discuss the 
merits of the Comjiound Telegraph Wire. 

211. 7 'he Wire Gauge .—Before quitting the s\ibjcct of 
iron-wire it is desirable to draw attention to the gauge ac¬ 
cording to which it is specified. Until cjuiie recently -this 
has invariably been what is known as thfc Birmingham Wire 
Gauge. This wire gauge, however, varies with every manu¬ 
facturer, and there is not only no stondard in existence from 
which it can be corrected, but, from the fact that the basis 
on which'it \^as originally formed is hid in obscurity, it 
seems* impossible to have one reproduced in a reliable 
shape. Various suggestions have from time to -time been 
made for tbe introduction of a new wire gauge whidi J^puld 
be coherent throughout, be based on a regular 
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series, and start from some recognised and well-known unit. 
It seems at first sight difficult to decide whether a gauge of 
this description should be based upon weight or diameter. 
But when it is remembered that wire is purchased, trans¬ 
ported, and distributed along the line by weight, that its 
breaking stiain is in proportion to its weight, that its elec¬ 
trical resistance—varying as the square of its diameter— is a 
function of its weight; and finally that weight is invariable 
in all temperatures and latitudes, it will be admitted tliat 
multiples of a unit of weight are the natural telegraph wire 
gauge. A size of wire dependent upon a number of pounds 
per mile will be constant as long as pounds and miles exist, 
and if these units are adopted as a basis there is a ready 
means of correcting the gauge at all times. 

At the suggestion of Major Mallock, the Director of Con¬ 
struction, the Government 'fclegraph Department of India 
has adopted an iron wire gauge of this nature. It is based 
upon tij|e weight per mile of the wire, and the unit is a wire 
jweighing twenty-five pounds per statute mile;* all other 
sizes of wire arc known by their multiples of this unit, and 
in terms of this unit size, the resistance, breaking strain, and 
comparative strain of the wire upon the insulators or posts, 
can all be readily calculated. 

3. Insulators, 

212. In the manufacture of the insulators two points have 
to be kept in view. 1st. The materia). 2nd. The form. 

•i. The Matei'ial .—The main object of. course in,;f!lfe 
selection of this is to find a substance which will offer the 
greatest possible resistance to the passage of electricity. 
Nothing has yet been foimd which will perfectly insulate ; 
nor can a theoretically perfect body in this respect eyer be 
looked ^r. Porous substances are inadmissible on account 
of theu: absorbing moisture too readily, and being thus trans- 
form^ 'into conductors. A glaze or surface can be im- 

Thib is the No. 19 of the Bimiinghahi wire gauge. 
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parted to thjm, but recwrse should never be had to this ; 
only upon bodies which are in every respect suitable should 
a glaze be put, and then fqr the purpose of forming a fine hard 
surface. A smooth hard surface is indispensable; with it 
there is no danger of the wire being worn through by fric¬ 
tion, nor can dirt and dust adhere to the insulator so firmly 
as not to be washed oft' by a good shower of rain. 

213. Glass possesses both of the qualifications named 
above, via., high resistance to the passage of electricity, and 
a smooth hard surface ; hut along with these it has one in¬ 
herent disadvantage which is fatal to its enij)loyment as an 
insulator. It is a very hygroscopic body—that is to say, it 
condenses the moisture from the air very readily, and in a 
climate such as that of England it is for this reason altogether 
unsuitable. The surface of a glass insulator will be almost 
always covered more or less with a thin conducting film of 
moisture. It is moreover very brittle, and was. roiiseciuently 
aliandoned in favour of one or other of its rival competitors. 
Of late years, however, Mr. Brooks has introduced in 
America a form of insulator w'hich is manufactured from 
blown glass, and is stated to have given very good results, 
Thei^e he considers to be mainly due to the ‘ air surface ’ 
of the insulator, nothing but dry air being allowed to come 
into contact with it whilst it is being manufactured. 

214. Ebonite^ is another substance wl^ich possesses many 
good points to recommend it as an infeulaior. It ofters a 
very high resistance; it is strong, and when first used pos¬ 
sesses a good smooth surface; it has an unassuming appear¬ 
ance, and so escapes from wilful damage, w'hcre glass, 
porcelain, &c., owing to their inviting look, would run the 
risk of being broken. 'I'hc great defect which ebonite labours 
under, and th%t which practically precludes its employment 
as an insulator when exposed to the weather, is the fact tliat. 


. ■* Ebonite is a mixture of two or three parts of sulphur and fiyeparts 
of caoutchouc bak<^ for several hours at 170*^ F. under a pr^teure Of 
four or five atmospheres. 
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its surface deteHorates rapidly. Instead of retnajning smooth 
and hard as when the insulator was first erected, it gradually 
becomes porous and spongy; dirt, and moisture form upon 
it, and so deprive the insulatot of one of tlie first qualities 
which it ought to possess. 

215. Porcelain has been and is still largely employed in 
the manufacture of insulators. Its insulating power fs high; 
it possesses a good smooth surface; and provided it has 
been perfectly vitrified throughout so as to be homogeneous, 
impervious to moisture, and free from flaws, it is eminently 
adapted for the formation of an insulator. Porcelain, how¬ 
ever, varies very much in its quality; and unless the manu¬ 
facture has been thoroughly carried out, with the greatest 
care, no reliance can be placed upon it. To all kinds of 
porcelain a glaze can be communicated.; and so long as this 
remains good, so long will the insulator continue to give 
good results ; but immediately the glaze cracks, whicli it 
soon ^es, moisture enters the mass if it is porous to any 
extent, and the value of the insulator is greatly diminished. 
Unfortunately there is no means of testing the manufacture 
when the insulator is new and the glaze has been imparted 
to it, except by breaking it, and the integrity of the rpann- 
facturer has therefore to be solely relied upon. 

216. Bro 7 on Earthenware is the material from which 
most of the insulators employed at the present day in Eng¬ 
land are formed. It does not insulate so highly as good 
porcelain, nor can it be so perfectly glazed, but it is pro¬ 
duced with greater uniformity of quality, and its manufacture 
can be more “thoroughly relied upon. It possesses the 
further advantage of cheapness over the materials which 
have been already named. 

217. 2. The Form ,—Equally important ps tlSe material 
of whic^ an insulator should be composed is the form which 
should be given to it In considering this the main object to 
be kejt, in view is the same as in .the selection of the material, 
vt,z» ^ highest possible resistance to a leakage of the cur- 
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rent; at tly same timt the strength of the insulator as a 
support must not be altogether lost sight, of. Seeing, how¬ 
ever, that the insulators have little more than the weight of' 
the wire to withstand, except at the terminal posts, no trouble 
is experienced in suiting the form of insulator to this. The 
main difficulty which has to be surmounted is the leakage 
which'takes place more or less at every support; every in¬ 
sulator is to a certain extent a fault, and the magnitude of 
the Jfiiult depends upon the form which the insulator pos¬ 
sesses. The passage of a current of electricity through the 
wire depends upon the gauge of the latter; it is a function 
of its mass. The same cannot be said of the insulator; the 
resistance to the path of the current, instead of depending 
upon the mass of the insulator, is mainly a question of sur¬ 
face. The most perfect form of insulator will be that m 
Vhich the surface exposed is a minimum, and the wire is as 
far as it can be from the insulator’s support, due allowance 
being of course made for the insulator itself being sufiicienlly 
strong. 

218. Numerous forms have from time to time been tried; 
that which is in general use in England with the brown 
earthenware is shown in fig. 109. It consists of two distinct 
and separate cups, c and c'y which are fitted into each 
other by means of a cement composed of equal parts by 
weight of fine pit sand, Portland cement, and })laster of 
Paris. Into the inner cup c a galvanized iron bolt b is 
inserted and fixed by means of a cement composed of 

5 parts by weight of clean river saiijd, sifted. 

3 „ „ engine ashes (from an old engine 

* fire-box), 

2 „ pine resin. 

A groove is cut on the, surface of the outside cup, and into 
it the line wire is placed and firmly bound, as will be after¬ 
wards, explained. This form of insulator combines several 
advantages, to \i?hich attention may briefiy be dxaT^tpu^ .What- 
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ever current escapes from the wre in the s^oy^ must 
make its way over the entire surface of both cups before 


Nfi 8 
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it can reach the bolt. By having two cups again greater 
reliance can be placed upon the quality of the earthen¬ 
ware ; the two small pieces can be better burnt and 
vitrified than one larger portion ; and the probability of flaws 
or faults occurring in such cup is very remote. At the same 
time by means of this arrangement one portion of the insu¬ 
lator is open to the cleansing action of the rain which serves 
to remove any dust or dirt apt to adhere to it; whilst 
the other is kept dry, and in wet weather continues to offer 
considerable resistance to any e.scape of the current. 

219. Another form of insulator employed in England On 
minor lines is that known as the * Z ’ insulator,♦vinrfshown in 
fig. 110. It closely resembles the form already described, and 
diflers from it in having a double cup c all formed of One 
|»ece of earthenware instead of two separate cups fitted into 
4 aeh other. 
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^2Q, When the iniulators have to be protected from 
either Wilfut or accidental damage, such as that occasioned 
by stone-throwing and the like, it is customary to cover 
them with an iron cap, and bind the wdre. into a small 
lug upon tlie surface of it. The inconvenience attending 
the use of iron caps is occasioned by the accumulation 
of dust, insects, .&c., beneath the hood; the iron cap 
protects* them from the cleansing influence of the rain, 
and so leads in time to a deterioration of the insulation. 
An effort has been made to get over this by cutting slits in 
tlie iron cap; and although this has to some extent remedied 
the evil, yet only where actually rendered necessary by either 
of the causes named above should iron-capped insulators 
be had recourse to. 

221. Great difiFiculty is invariably experienced in pre¬ 
serving the insulation upon those lines which skirt the sea- 
coast, no matter what material is employed or what form of 
insulator is adopted. The insulator becomes coated with 
salt, which being more or less moist, conducts in all excej^t 
the driest possible weather. The difticulty is greatly in¬ 
creased when the wind is from the sea.. Upon no account 
should iron-capped insulators be made use of \tpon such 
lines as these; advantage should be lak(en of the rain to the 
utmost.for washing the salt from off the outside* surface at 
least of the outer cup ; it materially improves the insulation. 
Wire covered with tarred tape or hemp?is occasionally em¬ 
ployed ia extreme cases of this nature; bht by .chafing against 
the insulator the tape or hemp gradually.^ets rubbed off, and 
leaves the wire exposed just at the point where protection 
of this nature is most required. Opeir wires skirting the; 
sea-coast should therefore be resorted to only when no other 
route by WhieJ^ they might be carried is.jivaUable. i : 



l88 


Surveying^ 


CHAPTER VII. 
cdiNSTRUCTiON (ccittimed). 

m 

22 2. Sumytng .—The route for a line of telegraph, whether 
by road or by rail, having been decided upon, the next point 
is to make a careful survey of it. For this pui^ose the sur¬ 
veying officer should be provided with a book prepared upon 
the following plan, in which the requisite particulars arc 
inserted to enable him to estimate the total quantity of 
stores which will be recpiired, and to provide for their being 
laid out, as well as to make arrangements for obtaining the 
jjermission to erect the poles where sut:h is required. 
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This schedule explains itself; yet it may be well to state 
that:— 

Column I contains the consecutive number of eacipole, 
from one terminal station to the other: 

Column 2 contains the span, or. distance befeiisen each 

• 1 i 

successive pole. < 

Colunin 3 giv'^es the distance from some fixe^ object; the 
fehce or ditch, for instance, in the casq^of aTroad 
or the metals for a line constructed upon the raUwgi^. 
This is to guide the hole-diggers in the event of me 
marks', made by the surveying officer to indicate the 
position of the pole, having been removed. 
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Column 4 gives thejength of the poles. 

Columns explains the character of the pole required, 

, which will depend upon the w’ork which it has to do. 
O is used to represent the pole of ordinary scantling, 
S a stiff one, and V S stands for a very stiff pole. If 
A poles or double poles are necessary, this is stated 
in thi^ column. 

Column 6 states whether a stay or strut is recjuired, 
whether single or double, and should give the strength 
or number of wires necessary for the stay, and the 
length pf the strut. 

Column 7 is intended to provide for any additional 
particulars which may l^e deemed necessary, such 
as shackling, crossing roads, noting any obstacles 
in the way, the names and addresses of those who 
will have to be consulted in the matter of way- 
leave, &:c. 

223. The surveying officer should have at least two assist¬ 
ants. They should carry with them a supply of w'ooden 
stakes, and a can of white paint, to mark the position of the 
poles, and they should likewise be provided with three con¬ 
spicuous white rods. The latter are indispensable if an ac¬ 
curate survey is to be made, especially fo'r a line carrying 
more than one wire, for only by means of them can an esti¬ 
mate be formed of the amount of curyc, and consequent 
strain, to which each pole will be sul:ijected; and without 
this information the requisite provisioi|. for suitable timber 
and proper staying or strutting cannot be made. The posi¬ 
tions of the poles may be marked in various ways; the plan 
which has been found to answer best is the insertion of 
wooden stakes in the ground, aided by a distinctive mark of- 
white paint, tg provide against their being removed. 

2J4. Hok-di^ng .—The operation of digging a hole 
for a telegraph pole, although to all appearance simple 
enough^, ia yet more difficult than at. first sight would be 
imagined. The holes should invariably be dug in the line 
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:Sf the wires, as at a, and never at'wght angles to it, as at b 
{%. Ill), the object being to get the solid natural earth as 



Fk; hi, 

much as possible against the lateral strain of the wires. The 
rectangular opening which is thus made a\erages about 
four feet in length by two in width : this si/e is ('ontiniied to a 
depth of about two-and-a half feet below the surlacc, whence, 
by a step-like arrangement, the length of the opening is 
gradually curtailed, until at the bottom it does not exceed 
one foot, as shown in c. 

225^As little of the ground as j'jossible should be dis¬ 
turbed, for no matter liowAvell the juinning and ramrhing may 
be done alter the i)olc is ]ilanted, yet a considerable time 
win ahvays elapse before the earth settles back to its former 
condition, during which the pole is less able to support any 
strain iliat may be put upon it. 

I*or this reason various tools have been devised, whose 
object is to remove only just sufficient earth to admit of the 
pole being planted; and which, in addition to effectii^jiis, 
combine several other incidental advantages of consiwf^^e 
value. AVhen it is borne in mind that in order to (^44‘^hole 
four feet six inches deep for an ordinary telegrapllpole, by 
the pick apd shovel in tlio usual method, no les.s than thirty 
cubic feet of soil, representing a weight varying from 2S50 
to 3,600 pottos, according to the nature of tho ground, kave 
,to be remove's, whereas not more than three and a halfcubic 
feet, or 37^ pounds, need actually be disturbed, it wi,Il 
rt^adtly ifeeen how rfiuch room there is fpt improvenaeJit iii 
thiii pf telegraph construction. 
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256. One of the earliest efforts made in tliis direction ^ 
was in SpaiA, where a tool, since known as the Spanis/t Spoott^ \ 
was devised. Various modifications have from 
time to time been introduced, but they ^re all 
constructed on the same principle, which is that 
shown in fig. 112. 

It consists of a segment of a metallic disc 
the chord of which serves as a cutting edge, I’lie 
periphery is fitted with a ledge c two inches in 
height, which serves to retain the accumulation 
of the soil upon it. The whole is fitted to a 
wooden handle b. The adjunct to the spoon is 
a long hgr, by means of whj<'h the soil is first 
loosened: the spoon is tlien inserted, and to it 
a rotating motion is conveyed, b} w’hich the 
earth is heaped up : the wliolc is then removed, 
and the bar again eniplcjyed. Tor light lines, 
on which the poles need not be inserted to a 
greater depth than four feet, the Spanish Spoon 
answers the purpose for which it is intended 
very fairly; but in heavy lines, where holes vary- ' 

ing from six to ^even feet in depth are required, ' 

it cannot be pronounced a success. The diffi- 
‘culty of loosening and collecting the soil in- ’ 

creases to a very great extent with the depth, j 

and the advantage which at the outset it pos¬ 
sesses over the pick and shovel in ^int of , 

.speed is almost, if not entirely, lost before a six 
or seven foot hole is completed. ^ [ 

227. The introduction of JSari/i Borers of m 
late years, for the purpose of excavating the -fjfS p 
holgs for telegraph poles, is the most important o 

pohjt in conifection with this branch of the fig. na. 
sjubject. Various kinds have been tried, but those , v 

which are most generally known are the inventions of Spiller, 
Bohlk^n, and Marshall.. 
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Spiller’s is but a modification op a laige scale of the or¬ 
dinary ship’s auger, which is forced into the grcHind, and in 
clay or sand has been found to work well. 
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has several distinctive features about it. A section o£ 
the apparatiHi is shown in fig. 113. The cutting blade, a 
plan and section of which is given in fig. 114, consists 



of a metal disc cut from the centre to the drciimfer- 
ence, and having the two edges bent into the v shape 
shown. The lower forms the cutting ;c^e, and as the 
apparatus is rotated, the earth passes trough the radial 
V opening on to the upper surface of the blade, from 
which it is removed by extracting the aj^paratus from time 
to time- from thd ground. The stock to which the blade is 
attached is squared at the end, and has screwed on to it a 
tapering metal point, which, in addition to serving as a nut, 
plays the part of a drill in front of the cutting plate, and so 
facilitates its work to some extent. The stock is attached to 
two or more sections of tube, according to the depth of the 
hole : thes^p aie provided with cross sockets as shown at 
<7 and 4 in fig. 1*13, to admit of the insertion of the handle //, 
which is emjiloyed for rotating and lifting the apparatus. 

229. The ‘punner bar ^ should invariably accompany 
Marshairs borer, and forms in-fact an .essent^ feature in his 

• * O 
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arrangement. It is shown to the right in fig. 113* The 
upper end of this is tapered down to the forn?* of a chisel, 
with the point tempered to deal with stones, and is used for 
loosening the soil as well as breaking and removing‘as far as 
possible whatever obstacles are met with in the hole: the lower 
end, which is shaped like a punner, is emi)loyed for ramming 
and consolidating the soil around the pole when once 
planted. The borer is rotated by two men walking steadily 
round and pushing the handle before them ; at intervals it is 
lifted, and the earth removed : the chisel end of the punner 
bar, if need be, is inserted, and the process repeated. A 
shovel attached to a long handle, and shown to the left in 
fig. 113, should likewise accomi)aiiy the apparatus. In sandy 
or gravelly soils it is emijloycd to remove the loose earth 
which does not adhere to the blade of the borer. An evident 
drawback to the general emjdoyment, even in suitable .soils, 
of a borer of this form, is the impossibility to work it by 
the sid^ of fences, where, in road telegraphy, poles have 
generally to be placed. 

Another drawback is the enormous strain throwm upon 
the men when lifting a load out of the hole, especially when 
some considerable depth has been obtained : for in a clay 
soil, or if the ground is close, not only is there the weight oi 
what has accumulated on the plate to be lifted, but that of a 
superincumbent column of air as well. This difficulty was 
got over by inserting a small valve v (fig. 114), which can be 
o])encd at will by the workmen, and greatly facilitates the 
raising : the best cure, however, is perhaps to raise the borer 
more frequently, and not to wait for such heavy loads upon 
it. The difficulty in raising heavy poles so as to lei them 
slip into the holes which have been prepared for them is a 
decided disadvantage inherent to the employment of all 
earth borers : light poles can be handled easily enough', but 
the same cannot be said when poles from thirty to forty feet 
in length pr even more, have to be dealt with. The only pos¬ 
sible way of lifting them is by means of shears, which have 
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to be carried about with the gang of workmen employed; 
ami althouglt the work can then be performed with compa¬ 
rative ease, the multiplication of tools is always a disadvan¬ 
tage more or less, and, in countries where roads do not exist 
along the routes of the telegraph lines, should be avoided to 
the utmost. 

230. This borer has, on the whole, given veiy satisfactory 
results in England, notwithstanding the vis iucrtiiz of the work¬ 
men, which, i]| common with almost every new invention, it 
has had to encounter: in rocky soil it is of course all but inad¬ 
missible, and can do no more than the pick and shovel there; 
but in most instances it am be employed Miierever they can 
be, and generally at a considerable saving of expense. 

In addition to this diminution of labour and expense, and 
the greater stability which a line erected by the borer un¬ 
questionably possesses, the apjiaratus can claim the further 
advantage of being workable without baling or pumping in 
wet soils, which are such a fruitful source of trouble to the 
workmen with the pick and shovel; and the comparatively 
clean job which it makes owing to the small amount of ma¬ 
terial which is disturbed may be advanced as another argu¬ 
ment in its favour; especially in such a colii^try as F'mgland, 
where private rights have so frequently to be encroached 
upon. 

231. In the latest form of borer, brought out by Marshall, 
the tapering metal point is entirely dispensed with, and the 
cutting-plate itself is in the form of a scjtew, and thus acts 
both as a drill and cutting-plate. This apqparatiis is cheaper 
than the earlier issue, and for light work can be worked by 
one man. Beyond this it-possesses no other feature calling 
for special remark. 

232. Filc-settiug —Poles are, as a general rule, planted 
in the groiind to a depth of one-fifth of their length. They 
should never, hdWever, be buried less* than four feet, and 
need not be more tlfan six in good solid earth, no matter 
what their length may be. In embankments, and all made 
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or loose ground, they are planted about a foot deeper; 
whereas in rock, where blasting has to be hatd recourse to 
for the purpose of excavating the hole, they may be set a 
foot less than is generally the case. As a check' upon this 
portion of the work being honestly performed, the poles, 
before being issued, are branded at a distance of ten feet 
from the bottom with a distinguishing mark, and beneath 
this is given the, year in which they were felled. Poles 
planted upon a curve should invariably be set a trifle 
‘ against their work; ’ that is to say, they should bear 
slightly against the lateral strain of the wires. Fof it ^^11 
generally be found that when the gfound has set perfectly 
hard the tension of the wires will have pulled them into the 
perpendicular position ; whereas, if this precaution be neg¬ 
lected, and the pole be planted perfectly straight at first, the 
strain of the wires is almost certain to remove it from the 
upright, and make, apart from anything else, anything but a 
sightlyipbject of it. 

Too much stress cannot be laid upon good sound pun¬ 
ning. The earth, as it is thrown in, should be thoroughly 
well punned at every stage: the hole should not be liastily 
filled up, but ample time be given to the punners to do their 
share of the work. Stones, if available, may be employed 
with advantage to assist in ramming the pole against the 
side of the hole where the earth has not been disturbed. 
Upon the jmnning and ramming of the holes being carried 
out as they ought to be depend to a large extent the sta¬ 
bility and good working of the line when once erected. 

233, The number and length of the poles employed will 
vary according to the route and the number of wires which 
they are eventually intended to carry. No hard and fastbne 
can be drawn. For minor road lines, or the branch lines upon 
railways, 18 to the mile maybe adopted in the straight; but 
on trunk lines the number should never be below 24 to 
the mile. ' 

' /Fheir length will depend, not merdy on the ultimate 
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number of wires to be supported, but on the obstacles which 
have to be sfermounted as well. On roads 22 feet is the mini¬ 
mum length, except on one-wire extensions, where 20 feet may 
be emi>loyed. On railways 20 feet is the usual length, although 
on the branch lines 18 feet, and even 16 feet, have been occa¬ 
sionally made use of. One foot is then allowed in addition 
to these lengths for every two wires that have to be erected. 
'J'he lowest wire should never be less than 12 feet from the 
ground; and*at all crossings, whether on roads, raihvav s, or 
of any other description, the minimum is raised to 20 feet. 
When it becomes necessary to vary the length of the poles, 
the variation should take place gradually : the appearance 
of the line is thereby not interfered with, and the increased 
vertical thrust which would otherwise be thrown upon the 
insulators is avoided. For instance, if in a line of 22-feei 
poles the necessity arises for employing a 26-fcet, the jiole 
on each side of it should be a 24-fcet. 

234. Upon roads and railways poles should be planted 
upon that side where the prevailing winds would tend to 
blow them off the roadway or rails. Similarly, if the route is 
tortuous, the inside of the curve should be selected, so that 
the wires may be kept as clear as possible of the traffic. 
Due regard should at the same time be had to the facilities 
for staying or strutting; and for this reason, as well as to 
prevent the possibility of vehicles coming into contact uith 
them, they should be planted as close as possible to the 
fences on roads, and as far as possible fibm the metals on 
railways; retaining them, however, witliin sight of passing 
trains, to allow for the observation of breakdowns. On 
embankments and cuttings they should be placed just so far 
'down as wnll admit of their being stayed both ways, and in 
such a position Jjiat in the event of their falling they may 
fall on‘the embankment and clear of the traffic; they 
are then protected also from the violence of the winds. In 
the case of steep cuttings the top is to be preferred to the 
slope, and the poles when so placed shoilld be stayed on 
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both sides, as shown in fig. 115. ‘'This appli^ to poles in 
any exposed position, no matter in what direction the lateral 



Fig. 115. 


Strain of the wires may be; for the influence of the wind 
upon the area exposed to it, and more especially when the 
wires are coated with snow, must be carefully guarded 
against in every direction. 

235. Although it is very desirable to preserve the poles as 
nearly as possible in a straight line, yet it is highly objection¬ 
able to do so when to attain this object they will have to 
swing ^ther across or over the roads. Every crossing of a 
road by the wires introduces an element of dang«*, and 
should be had recourse to only when absolutely essential: 
inprc than^ one accident has arisen from their breaking or 
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ranning back at these points in gales, frosts, or snow-storms 
Occasions may of course arise when ^y crossing the road a 
decided advantage is gained j as, for ins^nce, when by so 
doing the inside of a curve is for some distance secured, 


and less clanger results 
from taking this step 
than by leaving the 
wires to follow the out¬ 
side of the curve. 

236. At points where 
no facilities for staying 
or strutting exist, or 
where, on account of 
the number of wires, 
sound timber of suf¬ 
ficient strength cannot 
be obtained, A poles are 
ma 4 e use of. One of 
.these is shown in fig. 
u6. It consists of two 
ordinary poles scarfed 
at the top so as to fit 
into each other closely, 
and united together by 
means of a bolt, shown 
at A. The distance be¬ 
tween them at the base 
varies according to cir¬ 
cumstances, but should 
never be less than 18 
inches. Rather more 
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than half jvay down, at 


c, ano^ther bol?is inserted to aid in holding them togetljer, 
whilst at a distance of about 18 inches from the bj^ts a 
piece of timber, d, is morticed and bolted on ^ta !^^h. 
Without this there is a tendency for one- pole to’^ caht the 
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other out of the ground, which the superincumbent earth 
over D prevents. When the poles are long, or^ave to bear 
an exceptionally heavy strain, they are further strengthened 
,by being braced together by two iron rods, indicated in the 
figure by dotted lines. 



237. 'Wliere several lines converge, and the number of 
wires fbr the same line of i)oles thus becomes unusually great, 
^Jlaubie poles fitted tpgether in the manner shown in fig, j 17 
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are employed. Two oi|dinary poles are braced together by 
cross-piecesi of wood bolted on to them on reverse sides, 
'rhey are further strengthened by two iron rods placed dia¬ 
gonally in the manner shown in thc‘ figure, and securely 
attached by bolts to each*pole. 

238. Tarring. —Poles erected in their natural condition, 
without having been subjected to any preservative process, 
should be allowed to remain until well seasoned, when the 
ground should be opened out around them to the depth of a 
foot. They should then be tarred to a height of three feet 
above the ground line, and such upon roads as by any possi» 
bility could be nm against ought to be painted white for three 
feet or more above that, so as to render them clearly visible. 
Above this they may be pmnted or tarred, according to cir¬ 
cumstances. Tarring is to be preferred, unless there are local 
objections to its being done. The receipt for tar has been 
already given (§ 184 b) ; the following is the mixture for paint 
usually adoi)ted in England ;— 

For 100 lbs. of paint— 

White lead . . . .70 lbs. 

Driers.5 lbs. 

Umber.5 oz. 

Boiled oil . . . . 10 quarts. 

Turpentine .... 5 pints. 

239. Numbering, —Upon eveiy telegraph lino exceeding a 
mile in length the poles should be numbered after the line has 
been erected. The work of maintenance will be thereby 
greatly facilitated, for no difficulty then exists for the inspect¬ 
ing officer to indicate the positipn upon the line of whatever 
requires seeing ta 

240. Slaying and Sfruiitng. —It has been already re¬ 
marked (§ 232)*that the stability and efficient working of a 
line depends in a great measure upon the manner in which 
the punning is done; yet ocoisions will frequently arise when, 
no matter how well this is carried otlt, poles cannot be mad(^ 
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sufficiently stKH^ or •stable to resist ^maided the forces which 
are brou^t to bear against them. Artificial rneafis must then 
be had recourse to, in order to supply the additional strength 
required; and for this purpose stays and struts are employed. 
By a stay is meant whatever takes the puU or tension of the 
forces acting upon the pole ; by a strut is understood what¬ 
ever takes the thrust or pressure of the forces acting upon it. 
The former consists of an iron wire, rope, or rod ; the latter, 
in England, is usually timber of the same class, and f>ub- 
jected to the same treatment, as the pole which it is intended 
to succour, 

241. The wire rope forming these stays is 
sonietiines supplied specially manufactured for the puipose, 
but more frequently and generally they are made of wire 
upon the spot, in which case No. 8 gauge is that which 
is employed. Several lengths of it—their number de¬ 
pending upon the work which the stay is required to per¬ 
form—are laid together by hand in long lays. Twisting 
should ^ever be had recourse to, nor should the wires be 
laid together separately; for under either of these condi¬ 
tions eiich single wire cannot take its proper strain, and the 
total strength of the - uiy is thereby impaired. No definite 
rules can be laid down as to the number oi" wires which 
.should be used in the formation of the stay, seeing that’ so 
much depends upon the angle which when fixed it will make 
with the pole; yet stays of less than three wires laid together 
should never be employed upon roads, and this number 
should be increased according to the number of wires on the 
pole, the curve on which the pole is placed, and the angle 
which the stay makes with it On straight roads it may 
generally be said that for a line of six wares a strand of three 
No. 8's will be sufficient, for ten wires five^No. fi’s, and for 
thirteen wires seven No. 8’s. 

242. The main object to be kept in view in the forma¬ 
tion and fixing of the stay is to obtain the maximum amount 
of strength out of the materials which are employed in it 



2 ro 3 


Stays. 

For this purpose it sho^ild be fixed at, or as nearly as possible 
at, that Joint where the whole force which it is in¬ 
tended to counteract may be supposed to be collected— 
what is known in mechanics as the * resuliafU point—and it 
should be phmed in such a position as to Ibrm with the 
pole as great an angle as possible up to 90®. The resultant 
point may, near enough for all practical purposes, be ac¬ 
cepted to be about midway between the top and bottom 
wires. The best possible position in which the stay can be 
placed is at right angles with the pole; as it falls from this 
and gradually approximates the line of the pole itself, it 
loses its power of resisting the tension of the wires, and to 
make up for this, increased strength of material becomes 
necessary. 

^43. The fixing of the stay to the pole should be carried 
out so that in the event of new wires being run it could be 
shifted with ease to meet the 
variation in the resultant point, 
and at the same time care must 
be taken that the pole is not cut 
or in any other way weakened by 
its attachment. For this purpose 
galvanised iron loops, with eyes 
at each end, are well adapted ; 
the eyes being securely affixed one 
to each end of the bolt of the 
middle wire, and the stay itself to 
the middle of the loop. No in¬ 
cision is thus made in the pole, 
and the loop can be shifted at 
will as new wires are run, but as 
this dejifends ^entirely for its re¬ 
sistance upon the section of the 
bolt fixing the cross arm to the pole, it is not adapted 
for lines carrying a large number of wires. The proper 
method of affixing the stay to a pole carrying over six or 
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seven wires is shown in fig. ii8. TJie wife rope takes two 
turns round the pole, the end of it is opened oi& and care* 
fully lapped round as shown with No. 16 wire. The lower 
end of the stay is fixed to the eye of a galvanised iron rod 
(fig. II9) eight feet .in length. This stay rod is passed through 
a block of creosoted timber three feet in length, buried to a 



depth of from three feet six inches to four fe'erm the ground, 
and is then securely fastened to this by means ^f a iiiit and 
washer. The hole for the stay-block should be under-cut in 
.the manner «hown in fig. 119, so that the stay-block may 
have firm solid earth to press against, and thus be prevented 
froni 4 ]i^)fing. Where the stay passes through tlie eye of 
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the stay-rod, as well a§ where it is fixed to the loop, galva¬ 
nised ironlthimbles ought to be employed. Round these 
tlie strand composing the stay is tightly turned, and its ends 
securely lapped down by means of No. i6 binding wire. 

244. Should any difficulty exist in the way of fixing the 
stay to the resultant point, a forked stay similar to that 



shown in fig. 120 should be employed, whose wires coming 
from E dnd and uniting at the fork b, are continued on, 
and fixed to, the stay-rod. In such cases (fig. 120) the two 
forks should be so placed that the entire stay, if continued 
in a straight line, would strike the resultant point. 

245. Wire stays, after having been erected for some 
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time, lose in many instances their rigidity, unless there is a 
continual strain keeping them tightly drawn. Sdme form of 
tightener then becomes necessary; and although the stay-rod 
itself, on account of the manner in which it is fixed, answers 
to some extent the purpose, yet no reliance in this respect 
can be placed upon it. Experience so far has shown that 
union screw tighteners are by far the best, and they ought 
therefore to be employed in all cases where a danger exists 
of the stay-wires becoming slack. 

246. Where a single stay does not suffice, or where it 
becomes inconvenient to remove the loop and alter the 
position of an existing stay, a second stay may be employed. 
If this is done both stays should meet at the same point, 
instead of having their rods fixed separc^ely. They then 
come to play the part of a forked stay. 

247. Numerous faults arise from the wires expanding 
and touching the stays, by#neans of which the current finds 
' I^arth.’ For this reason the stay-wires should be at least 
three in Acs distant from the line wire nearest to them, and 
where this cannot be effected by applying the ordinary 
means of affixing the stay to the pole an iron arm or' 
bracket, should invariably be employed. 

248. Upon a line carrying a very large number of wires, 
it is very advisable to stay the poles on both sides in the 
line of the wires at a distance of about every quarter of a 
mile. The object of this is to prevent the poles from being 
driven from the upright in the event of an accident occur¬ 
ring to the line. 'I'he breakage of the wires either through 
a pole being knocked over, or from fire, imparts a sudden 
strain, which, unless it be resisted, makes itself felt for a 
long way upon the poles on both sides of the accident, 

249. The greatest care must be taken in staying all ter¬ 
minal ])oles, for they form as it were the keystones of the 
line, and upon their b^ing properly seen to its appearance to 
a great extent depends. To guard as far as possible against 
their yielding, even to the slightest extent, iron rods should 
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invari^ly bf employed to stay poles of this character carry¬ 
ing more th^n four wiris. I’he thickness of the rod will 
depend upon the number of wires on the pole; but not less 
than a one-inch rod should ever be made use of, and this 
size v/ill be found sufficient for six wires. Beyond this an 
additional quarter of an inch should be added for every 
three wires that are erected. 'I'he stay-blocks of the iron 
rods employed for the terminal poles should be much larger 
than those of the ordinary wire-stays; they should be buried 
in the ground to a depth of from six to eight feet, and llie 
ramming and punnLig carried out with even more than 
extra care. Where it is possible to attach the rod to a good 
sound permanent building instead of using a stay-block at 
all, it is advisable to do so. Upon terminal poles where the 
wires form an angle of 90°, or nearly so, it is preferable to 
place two stays, one in the line of each component strain, 
rather than a single stay in the direction of the resultant of 
these; for, by adopting the former course, provision is made 
against accident—in the same way as staying a crowded line 
in the line of the wires—from any sudden strain being 
thrown from either quarter upon the pole. 

250. Struts. —Struts, from their tendency to decay, 
should, as a general rule, be avoided, except where the 
proper facilities for efficient staying do not exist. The 
only exception to this is in the case of soft or newly 
made ground, where the stay would b^ apt to draw, and 
where the strut is in consequence td be preferred. In 
fixing the strut the same object is to be kept in view as 
in fixing the stay» but one great disadvantage in using 
the former is the inconvenience of moving it to suit the 
variation in the resultant point as new wires come to be 
run. For,this reason it is advisable to fix the strut at the 
outset at that point in the pole which, allowing for the future 
requirements of the line, would ultimately be the resultant 
point. The guiding principle in the erection of struts is to 
fix them so that they will act both as struts and stays, and 
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thus be able to withstand both pressure and pull/ The 
proper method of fixing a strut is shown in fig. «2i. 

It is placed in the ground to a depth of not less than four 
feet, and attached to a creosoted blocks (similarto tliestay- 


•V 


Fic. X21. 



block) by means of an iron hoop and the ordinary clout nails, 
as shown in fig. 122 ; it stiould, like the stay, form as great 
an angle as possible with the pole, fof the same principle 
regulates the position of both. The pole should not be 
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weakened by being c\jf m any way, but the top -of the strut 
should be ii(*itly scarfed^ so as to it as closely as possible. 
At the points of Contact both should be carefully tarred or 
jKiinted, for the purpose of making the joint water-tight. 
The pole and strut are firmly secured togetlier by means of 
a bolt placed as 
shown in fig. taI. In 
the case of long poles 
a connecting tie-rod 
A (fig. 122) is bolted 
through about half¬ 
way down. As an 
extra precaution a- 
gainst the bottom of 
the pole being Me- 
vered' out of the 
groim<l by the forces 
acting round a as a 
fulcrum, a cross-piece 
of good stout timber, 

Ti, is bolted on to 
both the strut and 
pole about t 8 inches 
below the surface of 
the ground. It is 
needless to add that 
all stays and struts 
should be fixed be¬ 
fore the wires are 
erected or any force whatever brought , to bear upon the 
poles. ^ 

251. Fitting up the Pole .—This is always done before the 
pole is planted in the ground. The first point in fitting up the 
pole , is-to protect the top from the effects of the weather. For 
this purpose galvanised iron roofs, of the shape shown on the 
pole in figs* and 12$, and of a unifonn siae, are univers- 
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ally employed in England. The pple is cut to fit them, and 
they are then nailed on with two in. clout nailfi. Before the 
roof is nailed on, the top of the pole should be either painted 

or tarred. If a wire is to be run along 
the top of the pole, brackets of the form 
show:n in fig. 123, and named saddle- 
brackets, or simply saddles, arc also used. 
They are placed over the roofs, and 3 in. 
galvanised iron nails arc then employed 
to .secure both. A small aperture about 
an inch square is ])reviously cut in the 
middle of the roof; through this the in¬ 
sulator bolt and nut are placed, and then 
screwed into a hole about an inch in 
depth, which has also previously been 
made in the top of the pole. 

252. The supports for the insulators are either wooden 
or iron brackets^ the latter being used only under exceptional 
circuillstnncc.s. The arms in England are formed of oak, 
and ought to be thoroughly,well seasoned previous to being 
issued. Tavo dimensions are employed, 24 in. and 33 in. in 
length, the scantling of both being the same, viz. 2^ inches 
square. Upon double poles, and under exceptional cir¬ 
cumstances, longer arms are made use of, measuring in 
some cases as much as 54 in. in length. The unequal lengths 
'are adopted for the purpose of allomng one wire to fall clear 
of that beneath it in the event of the insulator supporting 
it beirt§ broken, or the binding giving w;ay. \ They dre there¬ 
fore fixed alternately, the longer arm generally being upp^ir- 
most. The first arm is placed eight inches from the top, of 
the pole, and the others .should be twelve inches apii,jtnea- 
sured from centre to centre ; they shotild all be on the stoe 
side : in England the ‘ up' ^ side of the pole is adopted, and 

'4 , • . 

^ ’ tide of a pole ia that which ihces the 'up * station of the 

circuit, that if the back be towards the up station, say London, 
aJl the arms on the pole ^ould be facing one. '' ' 
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the groove into which tngy are fitted should never exceed 
inches in de| 9 ith. In the groove they are held by means of a 
galvanized iron bolt, which i^asses right through both the 
pole and the arm, and 
varies in length from 
74'in. upwards, accord¬ 
ing to the scantling of 
the limber. The head 
of the bolt is secured to 
the back of the pole by 
means of a small washer, 
whilst a longer washer 
and nut keep it fast in 
the front of the arm. 

Figs. 124 and 125 show’ 
how these should be 
placed, the former giv- 
ing a view of the ‘up’ 

side, and the latter of the * down ’ side of the pole. 

253. Pole-brackets, except the saddle-brackets already 
alluded to, are of a 
tubular form (fig. 126), 
and made of malleable 
iron. 'J'hey are secured 
to the pole by means 
of three 3 in. nails. 

They are tised when a 
.second wire has to be* 
run along a line already 
carrying one wire, and- 
where there is but little 
likelihood nf anigdier be¬ 
ing reejuired for a long 
time to come; theydre 
used again on poles where brackets may have been already 
employed, iind where it is desirable to preserve a uniform 

• p 2 
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appearance. ' They should then Tje placed alternately on 
opposite sides of the pole, and six inches apart,- the upper¬ 
most one being eight inches from the, top, as shown in 
fig. 126. They ought never to be fixed in the same horizontal 
plane, for if this is done We risk of contact in the event of 
the insulators getting broken or proving faulty is incurred. 
The nails would often touch each other in the head of the 
pole, and then, if the insulators break, form, a short circuit 
across from one wire to the other. 




Fic. 126* 

Brackets of special construction, and" known under the 
general name of single or double bridge brackets (fig. 127) 
are made use of when brickwork or ilfiasonry has to be 
employed a.s the support; these require no special descrip¬ 
tion. The single .bridge bracket is shown, abovS, and the 
double bridge bracket below. 

354. Pole Raising. —^The pole is then raised and the-m«- 
Uiors are n^fixed to the supports, whether ^s or brackrts,. 
I y having the bolts screwed into the holes prepared for Worn, 
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and sicured underneath by a nut: it is essential that this 
should be nqjide as tight as possiUe. The insulators, befoije 
being actually fixed, should be thorouj;hly well cleared 
all the dust and dirt apt to adhere't6 them, for these, if 
left, would in time seriously impail their efficiency. 

255. Shackles ^—^Where the wire goes off at a sharp angle 
the strain thrown upon the insulator is very great, and the risk 
of danger through the wire flying into the road, when the out¬ 
side of the curve is selected, is incurred. An insulator is not 
constructed to bear the heavy leverage thrown u})Oli it when 
a wire is terminated. The bolt bends, and the earthenware 
of which it is made may break. For these reasons a special 
form of insulator known as a shackle is employed, which 
confines the strain of the wire to one spot, and removes the 
danger. It is likewise adopted when a wire is terminated, 
whether for the puqjose of being led into an office or to avoid 
the possibility of danger at road-crossings. This latter is an 
important point, for numerous accidents have arisen through 
the wire having broken, and, dragging the bindings from 
the insulators, having dropped across the roads. At every 
road or railway crossing the wires should therefore be ternu- 



na^d upon a shackle; or failing this, they should be doubly 
bound on several poles, and soldered as well at the last two on 
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each side. An ebonite shackle ^^as entployed for some time; 
but the friction of the wires proved too much forat, and it has 
made way for the form known as Bright’s Shackle, which, 
although very far from perfect, is at the present time all but 
universally employed, from its being the best which has 
hitherto been invented. Fig. 128 shows a Bright's shackle 
and the mode of fixing it as well. The shackle is formed 
of porcelain, with a hole through the centre, into which a 
4J in. bolt is inserted. Through the hole in the arm or 
bracket a 4J in. bolt.is placed ; connecting this with the 
shackic-bolt are two galvanized iron simps each measuring 
in. in length, which are firmly fixed by nuts to the upper 
and lower end of each bolt. » 

A double shackle is showm in fig. 129 ; the mode of pro¬ 
cedure is precisely the same with it as with the single shackle. 

Shackles check all friction 
between the wire and the 
insulator, which, no matter 
how well the' binding is 
done, must always occur to 
a greater or less extent when 
the ordinary invert is em¬ 
ployed, and they are accordingly introduced at all points of 
support between which long spans are taken, and where the 
danger that might arise from the wire giving way is con¬ 
siderable. 

256. Guards .—Upon .every curve, or even upon the 
straight, where in the event of the insulator bdng broken there 
is a possibility of the wire coming into harmi^s way, guards 
should be employed. They are of two kinds, hoop and hook. 
The hoop is'shownupon the saddle in fig. 123, and the hook 
form is shown in fig. 130. The former are now employed 
sparingly, especisdly on lines subject in winter td heavy 
snowstorms; for the snow, adhering to the hopp, in time 
brings both uire and arm into contact with.eaCh’other, gpd, 
when it begins to melt, leads to a deterioratibn.in them* 
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sulatidn of the line, die hook guard is on this account 
preferable, and serves tire purpose for which it is intended 
equally well The guards should 
really be fixed before the in 
sulator is screwed up in the 
manner shown; and it is need¬ 
less to observe that evfery care 
must be exercised in making 
them as tight ‘as possible, so as 
to prevent their coming by any 
])ossibility into actual contact 
with the wire. 

257. Earth-wiring —In de¬ 
scribing’the arms and method 
of fixing them no mention was 
made of the earth-wires with 
which they are all fitted previous to being issueci. The subject 
is one of such importance as to deserve special mention by 
itself. The object of the earth-wires is to prevent con¬ 
tact from arising through the leakage of currents from one 
wire at its ]X)int of support into another. If an insulator 
becomes faulty a portion of the current passing along the 
wire attached to it escapes ; and, provided there is no other 
wire upon the line, makes its way entirely to earth by means 
ot the pole., The only evil resulting;'from this will be a 
weakening of the signals, which, until the defect is made 
good, can be remedied by increased l^ttcr)'^ power. But if 
there are two or more wires upon the line the leakage from 
any one will tlien, .instead of going to ^rth, enter that which 
is nearest to it—not entirely, but to in extent depending 
upon the electrical resistance whic h the i)ole offers in com- 
|)arison with the materials intervening between the two wires. 
The forking of both wires is thereby interfered with. An 
increase of ' batteiy power, instead of doing any good now, 
ia positively injurious, for it serves merely to increase the 
leakage^ and thereby the mischief of the contact. The only 
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way to get ri4 of the inconvenience jwhich is causeiJ is to 
afford the leakage a path to earth/whose resistance is in* 
appreciably small compared with that which exists between 
^the two wires. This path is afforded by the earth-wire. That 
upon the arm is the ordinary No. i6 galvanized iron wire, 
the same as is employed for binding purposes; a small 
groove is sawn transvensely in the ami, into which one end 
is stapled ; tlie wire then takes two turns around the 
arm, and the free end, after the arm is fixed to the pole, is 
attached and >soldered to the main earth-wire. In fig. J24 
earth wires fixed transversely on the arms are to be seen. 
Special care should be taken that the oak arms are thoroughly 
well seasone<l before any attempt is made to fit them with 
earth-wires. Should this precaution be neglected, and the 
wires be fixed when the arms are in a green state, the natural 
acids of the oak will speedily attack them; corrosion rapidly 
ensues, and the earth-wires by the time the arms come to be 
used may be all but entirely eaten away, and are then worse 
than ullbless. 

258. The main earth-wire is No. 8, and passes from the 
roof to the butt of the pole; a groove is also cut for its recep¬ 
tion, and a sufficient length is left to admit of a spiral or 
tivo being formed below the pole when it is planted, so as to 
ensure good contact with the ground. The main earth wire 
is show’ll in fig. 125 passing to earth on the down side of the 
pole: it should, however, be always fixed on that side of the 
]>ole where there is least likelihood of its being tampered 
with. 

«S9* is of the utmost importance that the earth-wire 
should make good earth; if this cannot be secured it is 
better not to^f^fix one at all, for it would merely tend to 
promote rather than prevent contact amongst the wires. In 
dry sandy soil or in rock the earth-wiring is tfeerefore ^o be 
avoided; but if these exist to any considerable extent upon 
a line, it- may often under the circumstai^ces found 
advisable to carry a wire along the poks speckUy 
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the c%?rth-wires to some spot where a good earth can be 
■ found. I * ' • 

•260. Upon long lines, where wires are erected which are 
worked by very delicate instruments, the earth-wires render 
the greatest service, whether an insulator is actually faulty 
or not; for, seeing that up to the present time no really 
perfect insulator capable of withstanding the effects of wind 
and weather has been devised, the slight leakage which in¬ 
evitably lakes place at each would otherwise pass into the 
neighbouring wire, and the sum-total of these would on a 
line of considerable length tell upon the working of the 
circuits, more especially if delicate fast-speed instruments 
are LMni)loyed. It has been urged as an argument against 
the use of the earth-wires that the indijjctive capacity of the 
line-wires is increased where they are adopted. There can 
be no doubt that this is the case, but no practical incon¬ 
venience has ever been found to result from it; and even it 
such did exist it could be but slight compared with the evil 
which the employment of earth-wires successfully obviates. 

On iron poles earth-wires are of course unnecessary. 

261. Wiring *—The poles liaving been properly fitted up, 
stayed or strutted, as the case may be, and raised, the run¬ 
ning of the wire is then proceeded with. The coils as sup¬ 
plied from the manufacturers are mounted upon drums, one 
end being securely fastened to the terminal pole. Along the 
open roads the drum may be mounted on a small carriage, 
and the wire made to unwind itself a$ this moves along; 
but where the facilities for this do not texist a small hand; 
barrow or a pole inserted through th 4 hollow axis of the 
drum is employed. The wire is laid along the foot of the 
j)oles, it is then jointed up if not long enough, and after 
being carefully examined to see that the joints are sound, 
and tii^t there V® flaws, it is lifted on to the arm in 
which the insulator intended to support it is fixed. 

, 262. The wtfe is then stretched, and too much importance 
cannpt possibly be attached to this portion of the* construe^ 
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tion of a telegraph line. Tlic stretching is at first accom¬ 
plished as far as possible by hand : light block^and tackle 
are then ^applied to the wire, a species of vice, technically 
known as the ‘ draw-tongs' being used to grip it. By means 
of this the wire is drawn as tight as may be required, and a 
small vice with drum and ratchet attached is then employed 
to adjust the strain or regulate it. If it is pulled up too tight 
the wire breaks if it is left too slack it gets into contact with 
the others in its neighbourhood. Both extremes must l>e care¬ 
fully guarded against. When simply placed on to the arm 
the wire dips or hangs in a curve. This curve diminishes 
and approximates more closely to a straight line the tighter 
the wire is drawn ; in other words, the dip or sa^ depends 
upon the tension of the wire. I'hc maximum tension with 
which wires are drawn is one-third of their breaking strain; 
for instance, No. 8 and No. ii wire, whose breaking strains 
are respectively 1,200 ami 650 lbs., should never be drawn- 
up with a tension greater than 400 lbs. for the former and 
209 idi. for the latter. When this tension is employed it is 
found that the dip will be about 24 inches in a S|)an of 100 
yards, and this is, therefore, accepted as the standard by 
which all wires are regulated. The dip must of course be 
varied according to the temperature of the air when the wire 
is run, and the 24 inches in 100 yards is that which is 
recognised, at 60° Fahrenheit; if the weather be warmer than 
this a greater dip must be allowed to admit of the wire 
contracting under the influence of the cold ; if the tem})era- 
ture be lower than 60° Fahrenheit the wire should be pulled 
up tighljer, so as to prevent its expanding inordinately uhd^f 
the influence of the heat, and thereby incurring the risk of 
contact. 

263. The dip of any span varies directly as the 
square of the distance between its x^oints 6 i support; and 
bearing this in mind, it becomes a simple matter to find 
out the 4^p for any span, preserving the tension uniform 
tbroughliiit the entire line. For instance, what dip should 
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be allowed in a span pf 80 yards, 24 inches being allowed 
for 100 yards? The proportion becomes— 

24 ; :: 100® : 80*; 

frpm which it is found that .r s=p 15-^ inches; and expressing this 
law in general terms, if s be the span whose dip x is required 

in inches, then ^ sss ^ 4 -* This simple formula is of con- 

f 100* 

siderable practical value, as many problems start themselves 
in the construction of an open line of telegraph which can 
be very simply solved by it. As an example, the following 
may be taken, which is by no means of rare occurrence. 



Fro. 13*. 


Between a and n, two points 300 yards apart, a wire is to be 
run without any intermediate support.. What should be the 
height of the wire at a and b, so that at no point may it be 
less than 30 feet from the ground ? 


, X 


24 X 300* 
100- 


18^ feet 


Consequently fhe w'ire at a and b must be 48 feet from the 
ground. 

264. When very long spans have necessarily to be taken a 
composite wire is adopted, that is to say, a wire varying in 
diameter'from#a minimum at the centre of the dip, where 
the telhsion. is evidently least, to a maximum at the points 
of support, where the tension is the greatest; and, as already 
remarked (§ 198) ^eel. wire is occasionally employed for 
the same piupose. 
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265. If one wire upon a line, of,poles is ottcO properly 
regulated the regulation of all the succeeding wi)%s that are 
run maybe taken from it, and becomes a very simple matter. 
For, as they are all of the same metal, they will all, although 
of different gauges, take exactly the same dip, with the 
same proportional strain. 

266. Binding .—^The wire having been duly stretched, is 
next placed in the groove of the ipsulator, and very tightly 
bound to it, as shown in fig. 132, 
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No. 16 galvanized charcoal iron wire, as has been already 
remarked, is universally employed for binding purposes. It 
is cut up into lengths varying from 36 inches for a No. 11 wire 
to 48 inches for a No. 4, and is made use of as follows:—It 
is first of all tw'isted around the line wire at a, then drawn 
as tightly as possible entifely round the insulator, and con¬ 
tinued on at B in the direction of the arrow- It then 
goes back in exactly the same manner, only in the reverse di- 
reclionj and is finally terminated at a. This is the biiuifer 
for a No. i r orNo. 8 ware; if a larger gauge is used another 
lap and turn round the insulator of the bindnig wire should 
be taken. When extra strength is required the bindings are 
soldered. c ' 

267. If the position of a pole has, either on account of 
renewal or from any other cause, to be altered, care 
should be taken that every trace of the old binders is re¬ 
lived, unless, indeed*r^as at road-ctossings—they have 
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been soldered on to the wires. Should any portions of them 
be allowed to remain they are apt, by rubbing against the 
wires, to, wear them down to such an ext^t that at the first 
touch of frost they ate broken asunder. 

, 268. Numherifi^ of Wires ,is desirable that the 
wires when once erected should each have a distinguishing 
number, and should, if possible, occupy the same position 
upon each pole on the^line along which they are carried. 
'1 he following system, applicable to both road and railway, 
and independent of the side on which the poles are planted, 
is that which is now generally adopted:—Where a wire is run 
on a saddle that is invariably known as No. o ; then, stand¬ 
ing with your back towards the up station—that is to say, 
looking at the up side of the pole—the wire on the left 
hand side of the top arm is No. i.; that on the right hand 
side, No. 2; the wire 
on the left hand side 
of the second arm, 

No. 3; that on the 
right hand side, No. 

4; and so on. The 
numbering of the 
wires where there 
are two upon each 
arm is shown in fig. 

124. Similarly, when 
there are four upon 
an. arm they will be 
numbered as shown 
133? because 
when .the wares, are 
transferred to ^ort arms, j and 4, 7 and 8 naturally fall into 
their proper places. 

' Joints ,—Bad joints in telegraph wires have, given 

rise to more trouble than any other cause, for not only, have 
the feults caused them been more numerous^ but the 
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time spent in localising them has been greater than ^is the 
case with faults of any other description; for as* each joint 
in open wires is generally at some little distance from the 
support, the examination of it is a tedious and difficult 
matter. 

The first joint made in open telegraph wires was the 
common bellhanger’s joint, which consists in merely hooking 
the tv^'o wires together. Binding ^re was next employed, 
and continued over the hooks in order to ensure the con¬ 
tinuity, which, owing to oxidation, was frequently destroyed. 
This joint is shown in fig. 134. The vibration to which the 








Fic- 134. 


wre is constantly subject when erected in the air was found 
to act upon the binding wire, and render the joint unsafe. 
A fiUther modification was tlms rendered necessary, and 
the bolts and nuts were added as shown in fig. 135. Upon 
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the oldest wires some of these still exist, although most 
of them have been cut out, for they proved to be a 
source of infinite trouble. The lapping wire was destroyed) 
and oxidation setting in between the bolt and wire, broke 
down the circuit. 

270. The form which is now universally adopted for iron 



Fig. 136. 


wires'is tKli introduced by Mr. Edwin Clark, and knovm as 

the ‘ Britattnia^'^oint It is shown in fjg. 136. 
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The ends of the wires are carefully scraped clean and 
laid side by side for a distance of about two inches; they 
are then bound firmly together with the ordinary No, i6 
binding wire; over this is smeared as a flux the chloride of 
zinc, formed by killing free hydrochloric acid, technically 
known as ‘ spirit of salts,^ by the insertion of a few small 
peces of zinc; the solder, without which no electrical 
joint can be considered perfect, being then applied welds the 
whole together in one solid metallic mass, and renders the 
electrical continuity complete. Any excess of the chloride 
of zinc should be wiped off, so as to prevent its acting 
upon the wire, and no two joints should ever be made 
close together when shackling, for the chloride of zinc, if 
allowed to accumulate to any extent in the space se¬ 
parating them, speedily eats through the wire; three 
inches at least should be allowed to intervene between 
them. The extremities of tlie two wires should be cut off 
as close as possible to the joint, so as to prevent their hook¬ 
ing into the neighbouring wires and causing contacts when 
swayed by the wind; for the same reason no joints should 
be made more than twelve feet from the poles; w'hen at a 
greater distance than this they are apt to hitch up when the 
wires are blown about by strong winds. Chloride of zinc 
must never be employed as a flux in the case of copper 
wires, nor even when an iron and copper wire are soldered 
together; rosin 'is always to be used: under these circum¬ 
stances. (See Chap. XI. § 373.) ; 

271. Terminating ,—The wire shoi 4 d be invariably ter¬ 
minated on a shackle (§ 255). This .shackle is placed on 
an arm, which is fixed in a line with, instead of transverse 
to, the wire, and the method in which: the wire is attached 
to it has oeen already shown in fig. 128. 

If* is simply bent round the porcelain and then bound 
in exactly the same manner as an ordinary joint, with 
the exception that it need not be soldered. The present 
form of shackle is anything but well suited for this purpose; 
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the current can escape either by the*iippsr or lower portion 
of it; and'for this reason an effort is at present being made 
to introduce a form of invert in which the bolt passes nearly 
to the top of the insulating material, and which, to all ap¬ 
pearances, ought to answer the purpose better for the smaller 
gauged wires at least. 

When the w’ire has to be terminated, or shackled off,^ 
as it is termed, at intermediate points the following is 
the mode of procedure which should be adopted; A double 
shackle is fixed, and each side is first ‘tailed,’ that is to 
say, a wire is passed round the porcelain and bound in the 
ordinary w^ay, leaving one end projecting to a distance of 
from eighteen inches to two feet To this end the line-wire 
is firmly bound and soldered, and is then bent round at a 
distance of not less than six inches from the pole, anil 
similarly dealt with on the opposite side, so that the line- 
wire itself is continuous. 

272. The leading-in wire from the terminal pole, consists 
of a c(^3er conductor insulated with gutta percha, and well 
protected by a coating of tarred tape served around it. 
^I'ape saturated with white-lead instead of tar was tried, 
but proved a signal failure. This wire is bared for a dis¬ 
tance of several inches, then wound round the iron wire 
and soldered only at the end, so as to admit of its being 
disconnected for testing purposes when required ; and as 
guttapercha, when exposed to the effect of wind and weather, 
rapidly deteriorates, the wire is carefully protected either in 
iron piping or wooden boxing down the pole until it is led 
inside the office.* Any small portion that may unavoidably 
have to be left unprotected should be weir served with a 
second coating of tarred tape. On to the square terminal 
jiole a hollow facing or casing is fixed, down which the 
Icading-in wires are led; this, is preferable to cutting gionyes, 
which merely tend more or less to weaken the strength of 
the timber. 

273. An important point to notice is, that in no case 
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shoulfl gutta percha bc^broiight into contact with creosoted 
timber; thc^oil .of the creosote exercises a destructive in¬ 
fluence upon it Care should be taken that the Icading-in 
wires, when carried underneath the flooring, should be pro¬ 
tected from the possible .attacks of rats, which in more than 
one instance have been known to gnaw through the gutta 
pcrcha, and having laid bare the conductors, brouglit 
them into contact with each other. The leading-in wire 
should likewise be kept clear of the kaden gas pipes; a dis¬ 
tance of not less than six inches should intervene between 
them, for during a thunderstorm great risk is incurred if 
there is a possible line of discharge between the Icading-in 
wire and any leaden gas-pipes in the neighbourhood. 
Several instances of damage have occurred owing to the lead 
having been fused and the gas ignited by the liglitning. 
Tlie same danger does not exist with an iron pipe. 

274. Earth. —This, although the last point to be seen to 
in the construction of a telegraph line, is one of the most 
important, for without a good earth connection satisfactory 
working upon any circuit becomes an impossibility. The 
first object to secure is a good damp soil, and next to that as 
large a conducting surface as possible; for this reason a 
metal pump or, better still, the iron water-pipes of a town 
are taken advantage of, and in most instances good earth is 
obtained by soldering the. earth-wire securely on to them. 
lJut if there are no water-pipes, and an iron gas-pipe is at 
hand, it will be found to answ^er the pi|rpose; when both 
gas and water exist the earth-wir^ should be well soldered 
to each. Upon no account whatever is a leaden gas-pipe to 
be employed for the purpose of affording earth; the danger 
incurred by their being even near to the wires has been 
indicated^ that danger is multiplied to a great extent when 
the wise is attacTied to them. 

When neither iron water-jnpes, a pump, nor iron gaspipes 
can be procured, a plate of metal from two to three feet 
square, usually of galvanized iron, is buried in the ground at a 
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depth sufficient to ensure its being always damp, sfhd the 
earth-wire is attached to that. Care must be taken that, in 
short circuits or those where delicate instruments are em¬ 
ployed, eai th is obtained from the same sort of metal at each 
end. Unless this is seen to, a permanent current is set up, 
for, the two dissimilar metals being united by a conductor, the 
necessary conditions for a current are present. Iron water- 
l)ipes, for instance, at one end and a copper i)late at the 
other would give rise to this, and the combination of dif¬ 
ferent metals must therefore be avoided. 

B. Overhouse Telegraphs. 

275. In large towns, where it becomes impossible to 
plant poles for the support of the wires, overhoiise telegraphs 
are had recourse to. They should be adopted, however, 
only when the number of wires is comparatively small: if a 
large number have to be run, or are likely to be required, 
underground work is to be preferred. 

27a In the construction of overhousc lines nothing but 
the very l)est materials should be employed. The supports 
are iron standards, whose length will vary according to the 
conditions of the work. They are fixed into sockets planted 
upon the ridges of the houses, or placed in ‘chairs.’ These 
chairs arc generally made of iron, although occasionally 
"wood is employed. A hole is cast or bored in them as the 
case may be, and into it the pole is firmly fixed. All 
poles employed in overhouse work should be stayed in every 
possible direction. 

277. The conductor employed is a strand usually com- 
.posed of tliree No. 16 wires; this it is found is not only 
, less liable to break, but causes less noise from its vibrations 
^ than a solid wire.. Where exposed to the ^iction^ of sm^Ske 
or the gases which are given off in the neighbourhood of 
' most of the' centres of industry, it is covered with tarred 
liWj) or tape, which serves to protect it from their destructive 
tfS&u^nces. 
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2^8. Shackles are invariably employed as the insulators 
to lessen tlii> friction wTiich is inherent to the long spans 
that have to be taken, as well as to reduce to a minimum 
the risk arising from the breakage of the wires. 'ITie 
thoroughfares should be crossed as far as possible at right 
angles, and not longitudinally; the shorter the length of 
wire hanging over them the less liability is there of danger 
occurring. 

279. In soldering the joints at each point of support the 
utmost caution should be observed in the use of the fire-pot. 
Instances have occurred where from carelessness and negli¬ 
gence with it on the roofs of houses the leads have been 
melted and the building set on fire. In leading in from 
iron standards as Avell as from all iron supports, the smallest 
possil)le quantity of gutta percha w'ire .should be left ex¬ 
posed, for if the insulating covering is chafed through or 
decays, earth is readily obtained. 

280, When the standards cannot be fixed, and chimneys 
have necessarily to be taken advantage of instead, great 
care should be exercised in their selection ; none but those 
which upon examination are proved to be perfectly sound 
should be tried, and even in these bmckets should never be 
inserted, but an iron band cncirding the entire chimney 
should be cmidoyed. A very fretiuent objection urged by 
the owners of buildings against the attachment of the wires 
/is the noii^e w'hich they cause. If the binding is imperfectly 
performed,, or the wire strained too tightly, the vibration 
conducted down the solid walls proves an time to be an 
almost intolerable nuisjmee; in frosty ^veather, as might be 
cxi)ected, it becomes worse.and worse asi.the wire contracts,. 
Various efforts have been made to surraisumt this : the bolt 
of the shackle has been padded with chamois leather, ind*i$t^ 
riibben and the like, the wire itself as it passes round th^ 
insulator being encased in the same material. This hasr 
been found to answer fairly ; but the plan which serves the . 
puiqjose best, and effectually puts a stop to the noise, is the - 
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insertion of a small section of chajn in the line-wiri upon 
each side of the shackle. To the extremity of Ae chain the 
wire is doubly bound and soldered and the vibration is 
thereby destroyed. Too much care cannot be exercised by 
the workmen in the erection of overhouse wires. 

281. The damage ddne to the buildings where the sup¬ 
ports are fixed, as well as to those intervening over which the 
wire hAs to be drawn, should in every instance be rectified 
the moment it is observed ; the dislodgement of slates and 
tiles, unless si)eedily seen to, becomes in time the source of 
great expense, and forms one of the main barriers in the 
way of overhouse telegraphs. 

% 4 

C. Covered Telegraph Links. 

282. Upon open lines short lengths of covered wire 
should be avoided as fiir as possible; occasionally, however, 
they are rendered necessary by local causes, whilst through 
tunnels and in towns they are decidedly to be preferred, not 
more % economical reasons tlian on the ground of safety in 
working. In the earliest underground lines copper was in¬ 
variably employed in the conductor and has ever since been 
retained, but the insulating material has varied considerably, 
and even to tlie presenf day there is a difference of opinion 
as to whether gutta j^ercha or indiarubber—the two rival sub- 
stitnces— is to be preferred for this purpose. 

283. Covered wires through railway timnels are laid 
in wooden boxing, the top of which should be tied by iron 
wire instead of being nailed on. Where exposed to the 
likelihood of being ihkTfered with by the public, screws inay 
be used, But not nail's. In driving nabs danger is always 
more or less incurred of piercing the gutta percha,. and 
thereby causing faults. The bo.xing is j^pported upon 
hooks driven into tlie brickwork of the tunnel. The«timber 
employed for the purpose should be tarred, but nevCT by 
any chance creosoted ; creosote in contact with giitta percha 
wrts a marked influence upon it, and speedily leads to its 
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deterioration ; under no» circumstances should the tw^o sub¬ 
stances be brought together. 

284. The earliest underground wires placed upon the 
roads in England were laid in grooved boarding formed 
from creosoted Baltic timber. This plan was after a time 
gradually discontinued, and has been entirely abandoned. 
In i^lace of boarding, either cast-iron or glazed earthenware 
pipes are now universally employed. The employment of 
one of these in preference to the other will to some extent 
depend upon the circumstances of supply and price; but as 
a general rale cast-iron pipes are made use of at road cross¬ 
ings, or where the line wliich has to be followed is likely to 
be subjected to the pressure of heavy traffic, and may 
have to be opened from time to time, whilst earthenware 
should be emjdoyed in every other case. 

' The gauge of the pipes will vary according to the 
number of wires that are to be, or arc likely to be drawn 
into them before their renewal becomes necessary. In no 
case is it advisable to lay a pipe of smaller gauge than one 
inch, and the following may be accepted as a general rule 
for guidance upon the point:— 


From I to 8 No. 7 prepared G.P. wir^ i inch pipe. 


„ 8 to 16 


99 

: 

99 

99 

„ 16 to 24 


99 
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99 
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99 

„ 24 to 48 


99 
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99 

99 

„ 48 to 72 


99 


99 

99 

„ 72 to 128 


99 


99 

99 

The interior of 

the 

pipes, whether, they 

are 

of iron 


or of earthenware, should be carefully scraped and cleaned 
before th^ are laid, for the purpose of removing any inequali¬ 
ties on the surface due to imperfect manufacture. If these 
are allowed to remain, the risk of injury to the gutta percha 
is incurred when the wires come to be pulled in. Steel dies 
or cylinders, rather smaller than the interior of the pipe, may 
be used for this purpose or if there is any difficulty in pro- 
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curing these, a heavy iron chain will* be found to answer the 
purpose very \yell in iron pipes, and a rod with a split iron 
end, whose two sections are kept apart by a spring, will effect 
the same object equally well in the stoneware pipes. 

285. Cast-iron pipe^are generally laid to a depth of 
eighteen inches; in no case should the depth of the trench 
be less than twelve inches, and where the traffic is ex¬ 
ceptionally heavy the limit should be to at least twenty 
inches. Earthenware pipes are buried to the depth of at 
least twenty-four inches when there is the likelihood of their 
being subjected to any severe pressure \ in some cases, as 
under the pavements of towns—a position which should be 
invariably selected, if possible, and where the traffic, being 
mainly confined to foot-passengers, is comparatively light— 
a depth of from .fifteen to eighteen inches will suffice. The 
joints, both in cast-iron and earthenware pipes, should be 
made with good Portland cement or with tine clay, so as to 
admit^f the water percolating through. Where the pipes 
fun side by side with gas-pipes, it is desirable to metal the 
joints, so as to prevent any gas that may escape from entering 
them. In any case, whether metal, cement, or clay is em¬ 
ployed, a stopping of yarn should be rammed into the 
socket of the pi])e before the joint is made, so as to exclude 
any particle of dirt or foreign matter from the wires, and at 
the same time by rendering the pipes perfectly rigid j»revent 
their being subjected to any jar likely to cause, a breakage/ 
In filling up the trench every care should be exercised to 
remove all stones of any size until a depth of six inches of 
good mould has been punned down over the pipes. 

286. As each pipe is laid in its place,, an iron wire of 
No. n or No. 8 gauge is threaded ffirough it; Jp the end 
of this the cable to be pulled in is attachedf The iron wire 
is carried thfoagh the pipes at the time they are being laid; 
it is next to impossible to thread' it tiirotigh for any length 

they are. laid; the difficulty in doing so is almost in- 
i^iqdible ^ntU it has once been experienced. At distances 
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of 100 yards apart, ^ere the line is straight, and less 
if the routfi is at all tortuous, ‘ flush ’ boxes are laid to 
facilitate the operation of pulling in. The nanae flush box 



Fig. X39. Section of box. 


was originally given to these 
from the fact of their being 
laid level with the surface of 
the ground. As the cable to 
be pulled in should be manu¬ 
factured in lengths of 400 
yards, every fourth box of this 
class fcecomes % joint box, in 
which the junction with the 
succeeding section of cable is 
made. These boxes are of tast iron, measuring two feet six 
inches in length J)y eleven inches in width ; they have ah 
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Gutta Pcrcha Wire. 


ofiening at each end, which varies size according to the 
gauge of the pipe employed on the line. Fig“o. 137, 138, 
139, and 140 show the construction of one of these boxes 
for a line of 3-inch .pipes. The pipes are led into the boxes 
so as just to project inside them; the space around each 
pipe is stopped, in ordei* to prevent the ingress of dirt. 
Closely fitting iron lids (figs. 137 and 138) are placed over 
them, and they are then covered with about a foot of 
^atth. In order that their position may be readily ascer¬ 
tained a distinguishing mark should be placed on the pave- 
njent if such is available, and failing that, a wooden stake or 
paving-stone should be inserted to indicate the spot where 
they are laid. 

287. As a general rule the wire employed for tunnel 
and underground work in England is that known as No. 7, 
prepared gutta percha. The copper conductor is No. 18 
gauge, and is insulated with gutta pcrcha up Ho the gauge of 
No. 7 ; it is then served with a covering of tape which has 
been \\%11 soaked in Stockholm tar. When several wires have 
to be drawn in at the same time, they arc first of all laid side 
by side and tied together at short intervals forming what 
is fechnically called a ‘cable’; as they are pulled into 
the pipes the binders are cut and removed. Occasion- 
ally the plain gutta percha wires are laid parallel to each • 
other, jfnd the whole are then served over with a covering of 
tarred tape, whilst in some instances a true cable is formed 
of a strand of plain gutta percha wires wound together and 
protected with a coating of tape steeped in Stockholm tar. 
The first named is the plan which is most widely adopted at 
pre.sent. 

288. The ‘ cable ’ is placed upon a drum revolving on a 
good stout frame at a convenient distance from the flush- 
box where the work is commenced, so as to prevent its 
chafing as it is drawn into the pipes. To still further guard 
against this a wooden roller is placed at the mouth of the 
pi^, and a mat is spre^ at the bottom of the box, which 
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has Deen previously cleaned out, so as to prevent fhe 
cable front' dragging any dust or dirt along with it. I'he 
ends of the copper wires of the cable are slrii)ped for two 
or three inches of their covering, and are hooked on to 
a loop formed in the end of the iron w'ire which, as already 
remarked, has been threaded intd the pipes; the ends are 
lapped over with tape and yarn to prevent abrasion of 
the gutta percha as they are drawn through. The workj. 

u- -□-□ 

Fig. 141. 

of hauling in commences in a straight length of 400 yards 
from the central box, thus : (fig T41) ; one end of the cable is 
drawn from a to b, and the other from a to c. Where there 
are more than one intermediate box, the work of pulling in 
is increased with cadi additional box 3 thus in fig. 443, the 
half of the cable would first of all be drawn from a to 

C 6 A r C 

□-D-□-□-□ 

FiCi. 142. 

( 

where it would be coiled and subsequ^tly drawn in from 
If to B, while on the other side an ei^actly similar opera¬ 
tion would be repeated by drawing the second half first 
at c and then at c. The drum beiig. placed so as to 
give a straight lead to the cable ii^to the pipe at the 
first hauling-in box, the work of pulling in is commenced; 
one man sees to the proper uncoiling of the cable from the 
dnim; another attends to the lead, iind the rest pull the 
iron w'ire through at the further box until the end of the 
cable* makes its appearance there. In the case of inter¬ 
mediate boxes, such as at d and c, the cable drawn out of the 
pipes between a and these points is coiled upon canvas, care 
being taken to protect it from friction by means of a small 
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roller as it emerges from tlie pipe. Before being pulled into 
the sections ^ to b and r to c the cable is * turneJd ’ over by 
being re-coiled on to canvas on the opposite side of the 
boxes at b and c in order to give it a fair lead to the mouth 
of the pipe. 

289. When the section of cable is got into the pipes the 
numbering of the wires is proceeded with ; from a small 
portable battery a current is sent along each wire and noted at 

' the further end upon a galvanometer. Corresponding numbers 
are then affixed to the ends of each wire in succession until 
all have been gone through. These numbers consist of 
the small leaden pellets with the numerals imprinted upon 
them. 

290. If in hauling in the cable a wire be broken, the 
broken section is pulled out, and, allowance being made for 
the resistance of the wire, the locality of the breakage is 
measured. Should this be but a short distance from one of 
the flush boxes, an iron wire is threaded through to it and a 
fresh se^ion drawn in; but, if the distance be too great to 
admit of this, a wire with its end hooked is threaded through 
from the point where the wire is broken and another from the 
flush box. By giving these a circular motion when suffi¬ 
ciently far into the pipes, the ends are caught in each other, 
and the wire being then drawn out as far as the breakage, 
has the broken wire attached to it. 

291. In erder to get at tlie locality of the breakage a 
trench has to be opened, and, if the pipes are iron, one of 
them has to be ♦broken; where this is unavoidable a slip 
joint is afterwards employed to protect it—that is to say, 
two half pipes whose combined diameter is larger than that 
of those which have been laid are placed one over and the 
other under the break ; they are screwed tog‘»ther ‘and the 
ends tightly packed. WTien earthenware pipes are used it is 
not necessary to break any of them ; if the trench is laid 
open for a distance of three or four joints, the pipes may be 
tailed; and any one of them removed without difficulty. 
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292. Jointing covemd Wires. —^Wheri the section of cable 
has been fitially laid and the numbering of the wires correctly 
seen to, the jointing is then proceeded with. It is impossible 
to lay too much stress upon the importance which attaches to 
the proper execution of this portion of the work. Of all the 
operations which are carried on in practical telegraphy there 
is none which requires more care and attention—none which, 
if in the slightest degree neglected or in any way slurred 
ovet, will prove a more fruitful source of trouble. Com- ’ 
binedwith much practice and experience, it demands a close 
attention to the minutest details, as well as some physical 
(pialifications v^hichj being wanting in many, .incapacitate 
them for the work. Before entering into the details of 
out-of-door jointing of gutta percha wires, it may be \vell to 
draw attention to the main points which should be most 
carefully seen to. Foremost amongst these stands cleanliness. 

Cleanliness. —A lack of this is the cause of more bad joints 
than anything else. Not only should the jointer’s hands be 
scrupulously clean, but he should sec that the wires to be 
joined are equally so, the copper being scraped bright and 
clean, and the. insulating covering freed from tar, dirt, and 
grease. I'he materials employed by him and his tools should 
receive the samd careful attention, every trace of dirt, dust, 
or rust being removed from them. 

Dissimilarity in the material suppli^ to the jointer must 
be guarded against; unless the materiali are exactly the same 
as those employed in the manufacture df the wire, a perfectly 
homogeneous and dioroughly reliable jbint*cannot be made. 

The physical qualifications alluded consist first of all of 
perfect health. It is a well known fact, proved by ex¬ 
perience, that the wnrk of even the best jointers cannot, ;when 
they are in indifferent state of health, be relied upon. 
In s6me men, again, a greasy sweat is constantly issuing mqre 
or less from the pores of their hands, and this will of itself 
prevent the various coatings of the joint from firmly ad¬ 
hering to each other. 
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Patienccls another virtue in gutta pprcha jointing, especi¬ 
ally in the open air. I'lie difficulty of keeping the 19 mp alight 
and in applying the requisite amount of heat, especially in 
rough weather, must be steadily encountered. It is better 
to wait, and abandon the making of a permanent joint 
altogether for a time, until the weather moderates, rather than 
run the risk of making an imperfect one. 

293. The following instructions,* compiled as the result 
of a very large experience in the making and superintending 
of joints in gutta percha covered wire, should be most care¬ 
fully attended to even to the minutest detail :— 

Preparatory ,—The joint-box where the joints are to be 
made is first opened, the jointer’s box, containing his tools, 
placed on one side of it, and then a tent placed over the box 
so that the opening jn the tent is opposite the jointer’s box. 

Attached to the box should be two low stools for the 
jointer and his assistant to sit on, to keep them clear from 
the wet pavement or dam]) ground. 

The oox should be opened and the various tools, spirit- 
lamps, furnace, <Sr-c., placed where most handy; the spirit- 
lam]) for the furnace should be lighted and, the soldering 
iron heated ; the gutta pcrcha tools should, if dirty or sticky 
with compound, be filed and cleaned. 

(Ireat care must be taken to keep the gutta percha 
sheeting perfectly clean and dry. 

The wires leading in one direction are then taken out 
and prepared for jointing. 

Cleansing Wires and Numbers .—If they are in a multiple 
cable, by stripping off the tape about fil'teen inches back and 
fastening round the cable, loosening the numbers and pass¬ 
ing them down the wire to the tape (great c.are must be used in 
passing the numbers down, for unless they are quite Idose they 
will damage the percha); when the number is passed down 
to the tape it should be fixed there. When each wire has 

t 

.} From a paper upon ‘ Untlcvgrouml Telegraphs,* read before the 
Society of Telegraph Engineers by Mr. G. K. Preece. 
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been served this way^the whole of them should be cut to 
exactly th8 same length. 

The same plan should be adopted with single wires. 

When the above has been done to the one side, the jointer 
should do the same to the other side. 

The dirty work ought properly to be done by an assistant. 

Cleansmg Wires, —The wires at both sides must then he 
thoroughly cleaned with white cotton waste soaked in naph¬ 
tha/ until each wire is thoroughly clean, free from tar, dirt, 
and grease. 

Cleansing Hands. —After cleaning the wires the jointer 
should very carefully clean his own hands, and dry them 
well. Naphtha will be found best for this purpose. Its 
disadvantage is tliat it has a tendency to harden the hand. 

The wires are then ready for jointing. 

Trimming Ends. —No. i wire should then be taken up 
on both sides (it is best to begin with the low'est number and 
l)rt)ceed in regular order), and the gutta percha carefully 
trimmed off each end for about i J inch, care being taken 
that the knife does not * nick ’ the copper; if this should 
happen, the copper must be^ cut off at the * nick,’ and the 
percha trimmed back. 

Making Copper Joint. —The copper wire left bare should 
be scraped carefully, and then the two ends being brought 
together so as to overlap each other, inay|5e held by the pliers, 
and first one side twisted, then the otlir ; the entire twist 
should occupy about three turns each iway, or J inch; the 
surj)lus ends should then be cut careftlly' and close over, 
and being lightly touched with the plifers, turned in, so as 
not to leave an edge sticking up. | 

Soldering. —The twisted joints should then be soldered, 
care beifig takygn to knock off superfluous solder. Oreat 
care must also be taken, when soldering a joint, that no 
wires be immediately under it, but that the space underneath 
be quite clear. Hot solder dropping on gutta pcrcha at 
once heats and penetrates it. 
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Corresponding Nutnbe*‘s .—The repainder of the ^ircs 
should then be jointed and soldered ; great can e must be 
exercised in jointing similar wires; the jointer should him¬ 
self see that the numbers correspond, and not trust to his 
man giving him the numbers without himself seeing that the 
numbers are correct. 

The giitta percha jointing may then be commenced, the 
second spirit-lamp having been previously lit for' warming 
the material; care, however, must always be taken that 
the si)irit-lamps and furnace are so placed that they cannot 
injure the gutta percha. 

Chan Joint —The ends and soldered joint should first 
be cleaned with naphtha. 

Compound .—Then a stick of Chatterton's compound 
should be warmed, and a small quantity put. on the copper 
and joint, and properly tooled over, so as to cover the joint 
equally. Before ai)plying the tooling-iron it should be well 
wiped. 

Cover .—The ends of the gutta percha are then 
slightly warmed and the actual ends nipped off with the 
fingers. One side of the percha should be well warmed for 
about two inches back, and then brought forward over the 
joint to the opposite end with a twisting motion ; the op^jo- 
site end, after heating, should then be brought forwiird t)ver 
the other part in a similar manner, as far as it will go ; 
the percha should again be warmed and kneaded together 
with the finger and thumb, or tooled befoiehand. 

Compound .—After kneading it should be warmed over 
slightly with the spirit-lamp ; the compound should then be 
heated and applied over the gutta percha, not by dabbing., 
but by putting the stick on the percha and rolling it along ; 
sufficient will thus be found to adhere ; the compound rniist 
be again w'armcd and applied a sufficient number of tiiiiies to 
go thoroughly over the percha. 

joint should again be warmed and the compound 
tooled until it covers the joint uniformly. 
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Second coating Gutia Percha. —A sheet of gutta percha 
(the gutta nercha sheeting, as supplied to jointers, should be 
cut into strips four inches wide, and kept carclidly in a bag 
or case), well cleaned, should then be >vanned c^'efully over 
' the spirit-lamp, and, when sufficiently warmed, a piece of 
about one inch wide should be cut off with a pair of scissors, 
whose edges are moistened with the lips (the pieces cut off 
should tie put in the mouth to assist formation of saliva); 
the ends should then be cut off; the joint is then w-armed 
with the lamp, and also the piece of sheet percha that is held 
in the hand; the sheet, which has jireviously been stretched, 
is then applied to one end of the joint, ^in. on the old core 
from each end of the pull down, and, being firmly pressed, is 
drawn along the length of the joint; the superfluous end 
being cut off, the joint is then turned over, and the spirit- 
lamp applied so that the heat warms both joint and shetrting; 
the sheeting is then pinched round the joint so that its sides 
meet above the joint; the upper part is also slightly jHilled, 
so as to make the adhesion better ; the spare sheeting is 
then cut off with tlie scissors close to the joint, a wanii tool 

passed over the scam so as to open it again; it is again 
])inchcd up? «u^d by so doing forces out any air that may be 
in it. lit pinching up tlie last time, one edge ought to over¬ 
lap the other slightly, so that the warm tool more properly 
seals up the seam. 

By cutting off the sheet too far from the joint the seam 
cannot be re-opened, and by cutting off too close no seam 
i.s left, and there is necessarily a vacant.space in the second - 
covering; this is, a frequent fault, and should be avoided. 
With the help of the tool the ends of the coating are made to 
amalgamate with the old material, the joint is again warmed 
thoroughly, and kneaded wu’th the thumb and forefinger,.- 
care being talien to preserve its shape and to ^ knead*; 
evenly all round; it is then rubbed up with the moistened 

hand. ' 

CowJ>owid.—l^\t stick of compound and the joint are ‘ 



240 Jointing, 

again warmed, and the compound is rolled over the tjoint 
from end to end in about four plac^es, which a^iout covers 
the joint; the joint is again warmed, and the compound is 
w'orked and spread over the whole joint by means of the ^ 
tooling-iron, in a uniform and even manner. The joint is 
again manipulated with the hand, and kneaded. It is then 
heated for the last time, and nibbed well with the hand, 
well moistened. This rubbing must be done uniformly and 
equally all round; it tends to solidify the joint, and gives it 
that highly-polished and finished appearance so characteristic 
of the handiwork of a good jointer. 

The following notes respecting the joint and its manipu- 
lation should be carefully attended to :— 

Holding Core .—The jointer and his assistant should hold 
the w'ire carefully and firmly betiveen the thumb and fore¬ 
finger at such a distance from the joint as to be beyond the 
influence of the heat; the percha held should always be hard; 
if the hand be too near the joint the man will probably be 
pressil^; the material where it has been softened by the heat, 
and will very probably cause damage. 

Twisting Joints ,—In turning the joint over for the purpose 
of Cheating or tooling, the jointer and his assistant should 
turn it over carefully together, so as not to put a twist in the 
short portion, but to distribute it over the entire lengthy 
When that operation has been done the joint should be 
turned back in the opposite direction, so as to bring it into 
its original position. As, jn making a joint, this twisting 
has to be done very often, it is very essential diat this turn¬ 
ing over and back again should be attended to, instead of 
turning the joint always the same way; from inattention to 
this and the preceding instruction, joints have been seen 
with a series of twists made outside the joint. , 

A jointer should bea#^ in mind tliat & good work is 
known by the unaltered state of the core outside the joint, 
as^w'ell as by the excellence of the joint itself. 

^ The application of the fingers to the joint is frequently 
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necessary; the fingers, however, should be well moistened 
before touching the wann material. 

Wlienevera joint has been touched by the moistened 
finger the joint should always be warmed with the spirit- 
lamp, as this drives away any moisture. This is very im¬ 
portant. 

If in warm weather the hand should perspire, it ought to 
be dried! Naphtha will do this best, especially as its rapid 
evaporation produces coldness. 

The length of a joint should be about six inches. 

294. The main faults in gutta percha joints from which 
all beginners suffer more or less, and which nothing but 
experience and careful attention to the foregoing instructions 
can surmount, are— 

Bad twists in the copper. 

Nicks in the copper, and one end of the twist left stick¬ 
ing up—the result of the trimming having been, carelessly 
performed. 

Indifl'erent soldering. ^ 

Eccentricity, i.e. the wire and joint being out of the 
centre of the core, due to Ixid kneading and tooling. 

Air-holes, arising from bad closing of the sheeting. 

Burning, due to carelessness in the use of the lamp. 

Imperfect junctions and seams, leading to separation of 
the coatings. • These are due sometimesto moisture remain¬ 
ing on the coats, but more frequently to, a want of cleanli¬ 
ness. (See Chap. XL § 374.) 

295. Should it at any time be necesiiry to increase the 
nuipber of wires in an existing line o^ pipes, the method 
to be adopted is as follows;—Let ba|c (fig. 141) be a 
section of line with flush boxes at u, a, and c, and con¬ 
taining seven wires ; it is desired to increase the number 
to eleven. * A cable of eleven wir^s, equal in length to the 
distance between b and a, is first of all formed and 
joined on to the end b of the existing cable. The 
same precautions are adopted to protect the wires from 
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friction as in the case of a new line; the new cable is^then 
pulled in at b, the old one being dfdwn out at^A until the 
section B A is completed. To the old seven-wire cable, after 
it has been carefully examined, and any damage which 
the covering may have sustained has been repaired, four new 
wires are added, and the eleven-wire cable thus formed is 
drawn in from a to c. This operation is repeated through¬ 
out the entire line until the work is completed. In this 
way only one set of eleven joints, viz. that at the second 
box, becomes necessary; at each hauling-in box the four 
new wires have of course to be jointed. 

296. Under no circumstance should any attempt be made 
to draw new wires into pipes which already contain existing 
wires without removing the latter. The friction which 
inevitably takes place between the old and the new wires 
leads to the abrasion of the protective covering in both and 
lays the foundation of innumerable faults, which may only 
begin to make their appearance and interfere with tlte work¬ 
ing dithe circuits some time after the laying of the additional 
wires has been completed. 


CHAPTER VIII. 

FAULTS. 

297. The faults to which every circuit is more or less 
liable are divided into three classes, viz.:— 

T. Disconnections. 

2. Earths. 

t 

3. Contacts. 

Each o these is further.subdivided, according as they are 
(a)^ Totals ^b) Partial^ or (c) Intermittcfii. 

'’498. pisconnecHom are indicated by the total or partial 
Cessation of the current. ^ 
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a! Total disconnection is such as that produced by a 
l.)roken wiw, with its end insulated, a wire off its terminal, 
an open switch in an office, &c. 

b. Partial disconnection is the result of an unsoldered 
or badly soldered joint, a dirty contact, a loose terminal, 
bad earth, &c. 

c. Intermittent disconnection is caused by a bad joint, 
which moved, either by the wind, by passing objects, or by 
heat, makes and breaks contact irregularly; dirt or dust 
accumulating on the contact points will frequently produce 
the same effect 

299. Earths are indicated by an increase in the strength 
of the current at the sending end, and by a decrease in the 
strength, or the entire cessation of it, at the other end. 

a. Total earth—or, as it is more generally termed, dead 
earth—is due to the wire resting on the damp ground, or 
touching a stay or metal in connection with the earth. In 
the case of a cable it would-be caused by the conductor 
being in contact with the water. 

b. Partial earth is the result of the insulators being 
cracked or defective; or it may be produced by the wires 
resting upon walls, posts, trees, or other imperfect conductors 
in connection with the earth. 

c. Ififermiitett/ earth is produced by the wire touching at 
intervals conducting bodies in connection with the earth 
either by being blown against them by the wind, or expanding 
and dropping upon them under die influence of heat. 

300. Contacts are caused by the ^currents from one 
wire passing into another wire. 

a. Full contact—or, as it is sometiines termed, metallic 
contact—is that which is produced by the wires being hooked 
or twisted together; or by being firmly imited by means of 
another piece of wire. 

b. Partial contact is that w’hich is produced by imperfect 

conductors being 1;^own across the wires, by b^d earths^ 

or by defective* insulation on lines not earth-wired. • 

« 
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c. Intermittent contact is prodiice;^! by the wires toufching 
each other at intervals, and is due to a variety of causes 
which will be alluded to hereafter. 

* 

A. Faults in the Battery. 

301. Disconnections, or apparent disconnections, in the 
circuit are the only faults which can be caused by the battery. 
'Fotal disconnection would be evidenced by no current 
being obtained from it. This may be due to the battery 
wires being knocked off the terminals, or it may be 
caused by the two battery wires being in metallic conts^ct 
with each other. In the latter case a ‘short circuit* is 
fonned, and no current whatever proceeds to the line. One 
of the cells may be empty, and this would produce the same 
result. In the trough form of batter)" this is caused by leak¬ 
age, chiefly owing to the marine glue having been cither 
imperfectly applied or not being of the required consistenc)". 
in th^Leclanche it results frdn a fractured glass cell. If any 
of the cells in a battery be faulty, either from leakage or 

from any other cause, it should be 
bridged over and so cut out of 
circuit. This can be done by 
joining, by means of a wire, the 
plates on each side of it, as in 
fig. 143. A battery wire, again, 
may be broken either mechanically 
or by the chemical action of the 
cell. AtS already mentioned (§3!), 
the free ammonia in Leclanche’s battery not unfreqtiently 
eats through the wire, and in the gravity form the sanie 
danger is incuired from the formation of free sulphuric 
iu:id. ^ 

Partial disconnections are indicated bv weak ctfrrents, 
and these arc mainly due to the battery having been allowed 
to work too long without being attended to. The solutions 
l\aving mingled too freely with each other in two-fluid bat- 



Fig. 143. 
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teriA, or Saving becj^ine either too strong or too weak, as 
the case may be, dirty plates, cracked porous cells, corroded 
and dirty terminals, all militate towards the same end, and 
tend to diminish the strength of the current. A similar 
result is likewise produced by the battery finding earth 

(5 ^i)- 

Intermittent disconnections in the battery—that is, inter¬ 
mittent currents fiom it—are usually to be attributed to the 
wires being loosely fixed instead of being firmly screwed down 
to the terminals. 

^ 302. A fault which is by no means uncommon, but which 
cannot be included in any of the three classes already named, 
is that which is known under the name of a constant current^ 
i.e. a current constantly passing over the circuit. Apart 
from the earth currents referred to in § 141, this would be 
caused by either of the poles of the battery finding earth 
—usually from damp—at an intermediate station, whilst the 
other is permanently connected to the line. 

B. Faults in the Instruments. 

303. The Needle ,—Faults in the needle instrument, and, 
in fact, in the instruments generally, may be due to either 
mechanical or electrical causes. I'he mdicator on the dial 
of the needle instrument often remains- sticking against one 
of the ivory pegs, the result either of damp or of the peg 
being partially worn away. In the form^ case the danger is 
removed by wiping the pegs with a clotfi, and thus making 
them perfectly dry; in the latter case the pegs ought of 
course to be replaced by others. * 

. Disconnections, or apparent disconnections in the needle 
instrument, evidenced by the weak movements of the in¬ 
dicator, Or by itg refusing to move at all, are caused by the 
springs of the manipulator being weakened by continued or 
rough working, and thus making imperfect contact; by dust 
accumulating on the contact points \ by the demagnetization 
of the permanent magnet inside the ordinary coils, oj loss of 
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magnetism in the permanent magnet^^of the induced coils ; 
(the carrying power of each of these should never He less than 
oz. ; in the event of its falling below this, it should be 
remagnetized.) Lightning is a fruitful source of trouble not 
only in this but in every form of instrument. Apart from 
the demagnetization or the re^'ersal of the magnetism of the 
]>ermanent magnets, the coils of every instrument are 
frequently fused, and special measures have to be taken, 
which will be described further on (§ 320), in order to guard 
against this. 

Considerable difficulty is sometimes experienced, usualj^' 
in the autumn, in working the single-needle instrument, on 
account of the earth currents, which then prevdil with more 
than their usual strength, 'fheir effect is to deflect the 
needle permanently; and in order to get rid, at least to some 
extent, of the inconvenience which is thereby caused, the 
dial is so constructed as to be capable of rotation. When 
the earth currents make their appearance the dial should be 
turne^round, and the zero of the instrument should be taken 
as that point at which the needle remains deflected by them. 

' To prove that the single-needle instrument is in working 
order, it is only necessary to short circuit the instrument, by 
joining terminals a and n (fig. 24) together with a piece of 
w'ire, and depress the keys. Should the needle not respond, 
the fault will be either a failure in the batteries, a loose con¬ 
nection of the wires with the terminals, a bad contact be¬ 
tween the keys and battery terminals, a broken wire in some 
part of the apparatus, a fused coil, or a demagnetised needle. 
Should the needle respond vigorously, it will show that at 
least the sending portion of the apparatus is in order.' (See 
Chap. XI. §§ 375, 376.) 

. 304.,, The Sounder .—The Sounder, on ^ccourtt of the 

extreme simplicity of its mechanism, is less liable to* faults 
than any of the other forms of instruments which are em¬ 
ployed. Thosh which are to be met with are usually due 
40 bad adjustment, and are the result of ignorancfe oV inex- 
‘l^erience on the part of those employed^ to work it. I'he 
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samei rules *are applicable to the adjustment of the direct 
Sounder a^liave been^already laid clown regarding that of 
the direct inker (§ ?i). Difficulty may* occasionally arise 
from the cores of the electro-magnet not being of thoroughly 
soft iron; residual magnetism then makes its appearance, 
and in time converts them into more or less powerful per¬ 
manent magnets, tliereby necessitating their removal alto¬ 
gether. 

Disconnections are sometimes caused by the coil wires 
being broken-at the point where they are exposed above the 
base-board of the instrument. This is generally caused by 
carelessness in dusting, but the 
danger is surmounted by a form 
of ebonite coil protector, similar 
to that shown in fig. 144, which, 
by fitting closely around the coils, 
leaves no part of the wire exposed. 

The antagonistic spring will, in j 
the course of time, get weak and 
.refuse to do what is required of it, 
but its replacement is a simple 
and inexpensive matter. 

In the key the only two faults 
likely to arise are disconnection 
caused by dust or waste getting on 

to the contact points; a constant current, owing to the bat¬ 
tery and line terminals beingi connect^ with each other, 
either by a weight pressing on the key, ^d the antagonistic 
spring being too weak to pull it on to th^ back stop, or from 
a conductor, such as a metallic pen, or J;he like, connecting 
the two parts together. 

305. ^The Ink-writer .—The same faults as are to b^' 
mett^ith in th^P Sounder must also be looked for in the Jnk- 
writcr, but in addition to these there are several others from 
which the Sounder is free. 

The clockwork in the Ink-writer is more or less lial>le 
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to become deranged ; broken stop ^vork, caused chiefly by 
its being over-wound, is the accident which most frequently 
happens. Grit again, or dust, making its way into the driving 
gear, will prevent the paper from running, and the friction 
among the various parts renders it necessary'to overhaul 
them from time to time. 

Another source of trouble inherent to the Ink-writer is 
to be met with in the inking arrangement; the j)assage be¬ 
tween the well and the reservoir may get choked, and the 
disc being unsupplied with ink, no marks whatever are re¬ 
corded \ or, the ink becoming too thic:k from the accumula¬ 
tion of dust in the well, will render the marks altogether 
illegible. * 

No inconvenience whatever would be felt, nor any delay 
caused, by the defects in either the clockwork or the ink, 
provided only the clerk could read by sound. It therefore 
becomes a matter of thfc highest importance that every tele¬ 
graphist should thoroughly master acoustic reading, 

30^ The Relay .—The only specific fault to which the 
relay is subject is due to the spark which passes between the 
points of contact every time the local circuit is completed or 
broken. It is the effect of the extra currents which are induced 
in the coils, and is strongest at the moment the circuit is broken. 
It is more marked in wet than in dry weather, owing to the 
fact that the motion of the tongue of the relay is then more 
sluggish ; the more rapid the movements of the tdngue, the 
less is the inconvenience felf^from the spark:., prevent 
the metal as far as possible from being buJit away, it is 
tipped with platinum at the point wher#* the s])ark is visible; 
a clean piece of paper should from time to time be gently 
passed between the points of contact for the purpose of 
removii^ whatever metallic dirt may have gathered there. 
Several’pethods have been adopted to prevent the •spark 
itself from forming. The coils of the receiving apparatus 
are made to give much resistance. Their ends are con¬ 
noted with a condenser whose capacity varies with the 
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length of Tiflre in the coils and the strength of the local bat¬ 
tery. A ^lan, however, which has been found to answer 
better than this is to connect either the contact points of the 
relay or the ends of the coils of the receiving apparatus 
through a high resistance acting as a derived circuit and 
forming what is technically called a shunt. This resistance, 
which ought to be varied according to the strength of the 
local battery, should never be less than five times, and need 
not be more than forty times that of the receiving apparatus. 
The induced current will then traverse it rather than pass 
through the air in the form of a spark. 

307. The A B C ,—The delicate mechanism of the 
various portions of the ABC apparatus renders it more liable 
to faults of a mechanical nature than any of the instruments 
already alluded to. In dealing wth the question of the ad-' 
justment of the ABC, reference has been made to the dif¬ 
ficulty sometimes experienced from the endless chain in the 
communicator, and the steps which should be taken in order 
to overcome this. Other faults of a mechanical nature to 
be met with in the communicators are: 

(<z) Damaged teetli in the driving-wheels. This results 
either from a lack of oil or from the driving-gear having been 
taken to pieces and improperly put together again, so that 
the teeth do not properly fit into each other. 

ij)) The jewels into which the axle of the driving gear is 
fitted are frequently broken from either Continued or careless 
working, and the armature being then jammed up against 
the large compound horseshoe magney the handle cannot 
be turned. i 

(c) The socket in which the axle of the armature works 
is sometimes insecurely fastened, or it gradually gets loosened, 
and then,it i)roduces the same fault as the broken jewel. 

{d\ Bad oilf becoming hard and clotted, will lead to 
indifferent working ; only good watch-oil should be employed 
in the treatment of the apparatus. 

The chief ^complaint which is made as to the working of 
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the A B C is that of either ‘ gaining * or * losing letters.’ 
This, as has been already remarked {§ 84), is ,<5enerally a 
question of defective adjustment, but it may be due more or 
less to one of the causes named above. Disconnections, 
either partial or total, are by no means rare. I'lie former 
are mainly due to oxidation of the terminals or contact points; 
the latter are chiefly caused by the contact maker k (fig. 57) 
in the communicator taking up a position midway between 
the line and earth contact points without touching either. I'his 
is mainly to be attributed to’the spiral spring l (fig. 57) which 
is employed for the purpose of pulling back the contact 
maker being too weak. The fault is an extremely trouble¬ 
some one, as it may come on by any of the stations in the 
circuit giving a very slight motion to the handle of their 
"communicator, and it frequently disappears without its 
locality being ascertained, owing to the station which 
caused it being in ignorance of its existence. 

308. Automatic Telegraphy ,—Only upon well-insulated 
lines^in the full advantages of automatic telegraphy be gained. 
A loss of-insulation is ielt sooner with this than with the 
ordinary apparatus ; it compels a reduction of speed w'ith 
the automatic instruments before it is felt in general work¬ 
ing. Still, the lowest speed ‘of the former is always above 
what can be done by hand sending under the same circum¬ 
stances. 

The mechanical faults to which the different portions of 
the automatic apparatus are subject a:e as follows : 

a. The Perforators ,—Defective spacing is one o> the 
main faults, and can be got over only by care and praqtice. 
Blunt punches and loose screws are to be guarded against; 
and care should also be taken that the paper is properly 
moved forward, and does not stick in any way. < 

b. The Receiver ,—The jmper at times runs irregularly, 
owing to the friction discs becoming greasy, or dust or grit 
interfering with their action; occasionally it sticks and 

* ceases to run at all. The difficulties that may arise w'lth 
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the Jliking ^arrangement in the ink-writer—referred to in 
§ 305—areulso liable to occur in the Wheatstone receiver. 

c. The Transmitter ,—Apart from dirty contacts, which 
should be carefully guarded against in every form of tele¬ 
graphic apparatus, but in none more carefully than this, 
the chief faults which are met with in the Transmitter are 
broken spiral springs and chains, or loose adjusting screws. 
The same difficulty with the running of the paper, arising 
also from the same cause, is experienced with the Trans¬ 
mitter as has already been referred to in the Receiver. 

309. Duplex Telegraphy ,—The causes of the irregu¬ 
larities .in duplex telegraphy have been already dwelt upon 
(§§ 160-170) when treating of the subject generally. The du¬ 
plex can be successfully worked only when the insulation of the 
line is constant and otherwise free from electrical defects. The 
smallest fault will speedily make itself felt on a duplex cir¬ 
cuit, and in the event of earth currents, thunderstorms, or any 
other electrical disturbance appearing on the* line, the system 
has for the time to be abandoned, and recourse must be had 
to single working. A line worked upon the duplex .principle 
is, so to speak, subjected to a constant test, and faults which 
with ordinary working would probably escape observation, at 
once make themselves felt in duplex working. 

C. Faults on the LiiiE. 

310. Total disconnection upon the liie is the result of a 
broken wire. The breikage may be dhe to a variety of 
causes, but among the principal of themjmay be mentioned 
the following:— 

a, A concealed weld or other flaw in the manufacture 

of the wire. * 

b, Thft wire^ having been carelessly nipped by pliers 
when first erected bv the workmen. 

€, The friction of the wire against the insulator (the result 
of imperfect binding in) or against a chimney or other object 
in its neighbourhood. 
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d. The friction of an old binder vrhich 
to remain on the Wire. 

e. The wire having been, rustqfi away, .'v ' ^ ' 

/ The wind, fallen trefes, 61 ;- bought/ tr^vejing, ^ra^bs 

and high loads, snovvst6rms,’&c. ■ - 

Partial and disconnectiotis on th'e, ’.gie; 

invariably the result of bad joints atte^ntiqn . h^^/been’, 
already drawn (§ 269) to the importance ,Whicii attdebes ta. 
the joints being carefully seen to. y;’ , 

3T1. Metallic contact is the result of the jwjres/being 
twisted or hooked together, orcsonnected either tjiy.me^ns o^ 
a short piece of wire thrown across them, or by dtopplng 
onto a metallic i^oof, chimney, or iron post. '■Apart from 
the ordinary causes whic'h bring the wires together, such as 
the wind, high loads, workmen engaged in building operations 
near them, &c., a frequent ^source of trouble ^n th& respect 
is bad regulation. This is especially the case when wire% 
of dift'erent gauges are vertically over each other. The sun’s* 
influence upon such wires causes them to expand unequally, 
and so drop one upon the other; if the line runs through a 
cutting and is thus exposed for only a short time to the 
sun's rays, or if the sun becomes obscured by clouds, the 
wires soon return to their normal position, and the fault 
often disappears before the lineman can reach its loca¬ 
lity. When the line is being erected great care should be 
taken to remove all pieces of short wire that may have 
been cut off; if any of these are left lying about, they are 
almost certiiin sooner or later to be thrown across the line 
wires by passers by. 

Partial contact between two or more wires is caused by 
bodies which offer <ionsiderable resistance to the passage 
of electricity, such as kite-strings or cotton-wasta hanging 
acrosg them, or by their resting simuItaneo‘usly against an 
imperfect conductor, such as a brick chimney or a wooden 
scaffolding-pole. 

^ Parti^ contact not unfreqiicntly results from bad earth, 



Line Faults. 


253, 


ofteti .a .source Of trouble, especially in rocky, 
or tsafidy ground. Tlius, in fig.'X45, let station B 
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communicate with stations A and C by means of a separate 
circuit to each*; if the earth at B is bad while that at A and 
'^t C is good, then a ^ part of A’s current, on reaching B, 
Instead of going to earth there, will take tlie course of the 
wire to C, working C’s apparatus, and go to earth at C. 
The elfect i#the same as though the wires A B and B C were 
actually in contact with each other, and the strength of the 
contact will depend upon the resistance which the earth at 
B offers as compared with the circuit B O If the steps named 
in § 264 are not sufficient to secure a suitable earth at B, the 
only way of surmounting the difficulty to nin a wire from 
there to the nearest point where good eiarth can be found. 

Weather contact is a form of parti^ contact to be met 
with chiefly in foggy or rainy weathe^ and mainly upon 
poles which have not been earth-wired. ] The leakage which 
takes place at the insulators there, instead of going to 
earth by means, of the earth-wire, finds its way into the 
neighbouring wires, and the working .of all is more or less 
impaired. ThA w'hich runs along the saddle ,is least liable 
to be disturbed in this way, and for this reason the most 
important circuit is generally worked upon, the saddle wire. 
The effect of weather contact upon the working of a circuit is 
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very similar ta that of inflifierent earth ; the lattef, however, 
makes itself felt more or less in all w'eathers, while the former 
makes its appearance only during fogs, rain, or snow. 

Intermittent contacts are almost entirely due to bad regu¬ 
lation. The wires are swayed to and fro’by the wind and 
brought from time to time against each other, more espe- 
c:ially if those upon the same ami differ in gauge, and are not 
therefore equally influenced by it Pieces of wire carelessly 
thrown across the line wires and loosely adhering to them 
will also give rise to intermittent contacts. 



Fig. 146. 

312. Dead earth is due to one end of a broken wire 
lying in water or resting upon damp ground; it may likewise 
be caused by the line-wire being in metallic connection with 
some conductor affording good earth, such for instance as an 
iron post, an iron stay, or the earth-wire. 

Partial earth is most frequently due to broken or other- 
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wise- defective insulators; it may be also produced by the 
wire restii^ upon imperfect conductors in connection with 
the earth, such as walls, the guards or arms on wooden posts, 
trees, &c. 1 rees form a great barrier to the erection of a line 
of telegraph, and their interference is one of the main points 
to be guarded against in the selection of the route. When 
however it becomes impossible to avoid therri, and when 
permission to lop the branches \vhere necessary cannot 
well be obtained, the arrangement indicated in hg. 146 is 
sometimes carried out. Two poles are erected, one on each 
side of the road,, and stayed or strutted, as may be required ; 
between these is 'fixed, a b^ar of iron supported by the arch, 
as shown, and into it the insulators are fixed. In this way 
the middle of the road, which is the part least liable to be 
affected by the branches, is obtained. The wdres should be 
doubly bound*and soldered at each insulator, so as to pre¬ 
vent their running back, and thus to reduce to a minimum 
the danger so likely to arise from a broken wire. 

Intermittent earth is due to the wires being blown by the 
wind or otherwise brought from time to time into contact 
with some conducting body in connection with the earth. 

D. Faults in Underground Wires. 

313, Underground wires are free from most of the dangers 
to which overground wires are subject-/^ earth currents and 
lightning are perhaps the only enemies ^hichare common to 
both. Most of the faults whicli make tliemselves evident in 
underground wires, apart, from those w^ich come from the 
deterioration in the materials due to a^e, are the result' of 
either imperfect manufacture or carelessners on the part of 
the workmen engaged in laying down tlie line. Among 
these may be mentioned flaAvs in the copper wire employed 
M th€;conductdl’; imperfections, such as air-holes, &c., in the 
insulating covering ; bad joints and abrasion of the insulat¬ 
ing covering whilst the wares w'ere being drawn into the 
pipes. If reliance could be placed upon the manufacture of 
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covered wires, if due care were exercised upon l^e woi^ of 
laying them, and in working them after they ar^ laid, it is 
difficult to see what faults could arise until they were decayed 
to an extent calling for complete renewal* ^ 

Rats are sometimes apt to find their way into the pipes 
by getting in at the bottom of the flush-boxes \ they then 
eat through the gutta percha and either bring the wires into 
contact or put them to earth. Their presence may, how- 
* ever, be excluded by employing cement with pieces of broken 
glass on the bottom of each flush-box. 

314. In localising a fault upon one of a number of 
wires lying in the same pipe, considjga'able difficulty is ex¬ 
perienced in selecting from the bundle that in which the 
fault exists. At each flush-box the wires are numbered, and 
no difficulty is found there in getting hold, of the proper 
wire ; it is at intermediate points, where the wires are not 
numbered, that the inconvenience is felt The old practice 
of ‘ pricking’ the wires should never be had recourse to. It 
consj|ted of sticking a pin or sharp-pointed piece of metal 
into one wire after the other, and connecting this to a de¬ 
tector, on which indication w'oiild be given of the current 
which is kept upon the faulty wire. The holes which were 
thus made were either imperfectly closed up or omitted to 
be closed up at all, and in time developed into faults 
causing far more trouble than the original fault in search of 
w'hich they had been made. An instrument known as the 
‘ fault-finder ’ will be found to answer the purpose in picking 
out any wire that may be required without doing any injury 
whatever to it. The fault-finder consists of a pair of astatic 
needles hung on a curved nxis, and suspended as delicately 
as possible, in such a way that they can be brought into a 
line vvith the wire which is for the time being under examina¬ 
tion. Each wire is lifl^ed into a groove between tije two 
needles, mnd by their deflection under the influence of a 

* Insulated wires should ne^'er be worked with strong currents. 'I’hey 
.. canngff resist them. 
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constp nt cutrent which is kept on the faulty wire, that which 
is required can be easily found. As the lengths of wire 
which are examined are generally under loo yards, the 
cur.ent should be sent from a battery with large plates 
instead of from one of the ordinary kind. 

315. If an underground wire becomes earthy, owing to the 
insulating covering being partly removed, and the conductor 
being thus laid bare, it should be worked with the copper 
current from the battery. When the copper pole of the 
battery is joined to the wire, a salt of the metal forming the 
conductor is formed by the current at the point of leakage, 
and tills being a non-copductor, the insulation of the wire is 
improved. This, howdver, can only be done for a time, for 
the metal is gradually transformed into its salt, and com¬ 
munication is eventually broken down entirely. The action 
of the zinc current is the reverse of this; by depositing 
metallic copper its effect is to clean the wire, and thus to 
increase the leakage. For this reason .the zinc current 
should invariably be used in testing covered wires, for 
leakages will be brought to light by it which, with the copper 
current, would in all likelihood escape notice. 

E. Faults due to Lightning. 

316. Ta'ghtiling is the most fruitful source of faults upon 
telegraph circuits in those countries where thunderstorms are 
rife, and atmospheric electricity is undoubtedly the greatest 
enemy which those employed in their n^ntenance have to 
encounter. The damage done by it to ,f}ie telegraph plant 
may be subdivided under two heads, viz*J: 

a. That affecting the poles, wires, an '4 insulators. 

h. That affecting the apparatus. 

317. is only in the case of very severe thunderstorms, 
when ppwerfjil lightning discharges take pkee, that the former 
is \o Jie met with. The poles are then shattered, or have 
grooves cut out from the top to the ground line 5 the insula¬ 
tors are sometimes smashed, and the line wires occasionally 
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fused. Underground wires are free from the inji^rious gffects 
of lightning, provided they are not*connected to an open 
section of line. If, however, the latter is the case, they^are 
liable to be affected, and numerous faults arise. S^^ine 
form of lightning protector is therefore usually employed 
at those points where the open and covered sections are 
connected with each other. If the lightning finds its 
way into a covered wire, it will, in all likelihood, rujn the 
insulation at one or more points by bursting through the 
dielectric in its passage to the earth. * The earth-wires 
alluded to in § 257 play the pArt of efficient lightning pro¬ 
tectors to those poles which are fitted with them. Instances 
of earth-wired poles being affected t>y lightning have oc¬ 
curred, but the damage has never gone farther than the 
point at which the earth-wire commences; for this reason 
earth-wires should always be carried up to the roof of the 
pole. Upon single wire lines or loops where earth-wires are 
not required for the prevention of contacts, it is always 
ad^sable to earth-wire at least the last five supports on each 
side of every office, as a protection against the effects ^ 
lightning. In India a further precaution has Tately been 
taken : at the last pole, before the wires enter the office, 
there is attached to each insulator a brass ring, into which is 
screw'ed a pointed brass rod, which is so adjusted that the 
point of the rod is close to the iron pole or earth-wire of the 
wooden pole where such is employed. Points favour electric 
discharge, and for this reason sparks are frequently seen 
passing from these i)oints to the pole during thunderstorms. 

31^. Allusion has been made (§ 303) to the inconve¬ 
nience !?iccasionaliy met with in working the ringle-needle 
instrument owing to the presence of earth currents; beyond 
this no disturbance is caused by them. Lightning,^bn the 
other hand, not only interferes with the v/orkinf^ of every 
class of- instrument, but it frequently renders them entirely 
useless, and necessitates their removal altogether. Re¬ 
ference has been made from time to time to the demag- 
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netis^ion and reversal of ^ the magnetism of the permanent 
riSagnets ca^iscd by it f the coil wires also are not iinfre- 
quently fused^ and on rare occasions, during thunderstorms 
of Extreme violence, the cases have been blown off and the 
apparatus literally shattered to pieces. 

‘ Although the dangers liable to arise from lightning have 
been to a great extent surmounted of recent years, still it 
cannot be said that a thoroughly efficient form of lightning 
protector for tel^aphic apparatus has yet been devised. 
There are various forms in use at present, each of which has 
its special characteristic, based upon the different behaviour 
of electricity of high low' potential. 

319. It was oberved that when tw'o silk-covered wires were 
knotted or tied together, electricity of high potential w'as 
discharged across this knot in preference to going through the 
loop. When a discharge takes place through a non-conductor, 
such as dry air, at the moment of discharge the resistance 
along the line of discharge is so far reduced as to allow the 
passage of the greater part, if not the* whole, of the current; 
so that, iq^ point of fact, at the moment when the discharge 
occurs through a layer of air or other elastic mediimi, a 


conductor of very low resistance is 
formed. Hence, as a current divides 
itself in inverse ratio to the resistances' 
opposed to it, the greater j^ortion, if 
not all, flies across the knot or shunt. 
This is only an example of Faraday’s 
well-known experiment, in which a 
long wire in air is so bent that tw’o 
parts, a b (fig. 147), near its. extremi¬ 
ties, aj^proach within a short distance, 
say a qua^i^er of an inch. ‘ If the dis- 
cljargei>f a Ley d Ai jar be sent through 
siich«a wire, by far the largest portion, 
if not the whole, of the electricity will 



Fig. 147. 


pass as a spark across the air at the inten*al separating a and 
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and not by the wirer. If, on the other hand, Ae source oi 
electricity be a galvanic battery in^ead of a J^eyden jar, 
the entire current will take the path of the wire ac b. Acting 
upon this principle, Mr. C. F. Varley, in the old fornr of 
single needle coils, simply twisted together, the two ends of 
the coil wire before they were attached to their proper ter¬ 
minals, and it was found that this acted as a protector, the 
charge flying across the short interval in the twist, in prefer¬ 
ence to going through the coil. In order to make this 
system more mechanical and general, two\^ircs of different 
colours were laid together and ])laced around the barrel of a 
small boxwood reel and applied to the ends of the coil. 
The wires themselves were still furtner protected by being 
drawn through melted paraffin, as damp affected them so as 
to cause contact. These protectors only act at their own 
expense, for though they may sav^e the coils from the first 
discharge they are themselves destroyed. 

320. This * reel’protector, as it is named, was adopted 
for n considerable time in both the needle and Morse instru¬ 
ments employed in England : it was partially abandoned in 
favour of that knowm as S. A, Varley’s carbon or * lightning 
bridge’ protector. In this form of protector the wires of 
the coil are attached to the termination of two insulated 


pieces of brass fitted in a boxwood cover, the opposed ends 
of which are pointed and inserted 3^^ i^ch apart, in a 
chamber filled with a mixture of carbon and non-conducting 
matter in the shape of a fine powder. This protectc»,acts as 
a shunt, ^ which offers such a resistance compared with that 
of the co.il, as to prevent any appreciable diminution in the 
strength of the wOTking currents; but it is assumed that iti 


* A. Varicy, in a paper upon the subject read b^ore the 

Britisli A'^ociation, says ‘ rractirally no electricity woukl pass from 
a fifty-cell Daniell’s battery through loose-powdered Wack-fead or wood 
charcoal: but a current of 200 or 300 cells would arrange the- conduct¬ 


ing j^ticles by electric attraction and freely pass over; while a current 
of cells would pass across a considerable interval of the ordinary 
' "niet with in rooms, consisting chiefly of silica, alumina, and more 
^ carbonaceous and earthy matter.’ 
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the ease of the disclj^ges of atmospheric electricity the 
potential is*so high as to overcome this resistance, and con¬ 
vert the bridge into a path for the discharge, in preference 
to*the coil. They have sometimes caused inconvenience 
owing to the particles becoming polarized, and forming a 
conducting line of low resistance, and tliereby practically 
placing the instruments on short circuit This is remedied - 
by simply shaking or tapping the protector, but it is certainly 
a defect in it * , . 

321. Experience has further shown that this carbon- 
protector is not a very efficient form, and it in turn is now 
being replaced in Englind by another which has only been 
recently introduced. In both the ‘ reel' and ‘ carbon ^ pro¬ 
tectors the lightning discharge at an intermediate station was 
merely ‘ shunted ’ on to the next station, and unless the 
protector there did its work equally well, the. apparatus 
would be more of less affected ; only at a terminal station 
could the discharge be put to earth direct by either of these 
forms. In the latest form of lightning protector the ends of 
the coil wires are wound side by side around a brass 
l^ylinder: this brass cylinder is connected to an earth-wire, 
and one of the main objections to. the other forms is thus 
o^'ercome. This protects the apparatus on the whole fairly 
well, but usually at the expense of breaking down the 
circuit; for immediately the insulating covering of the wire 
is destroyed by the discharge, the wire iS'fused to the brass 
cylinder and earth at once makes it^ appearance. The 
cylinder has then to be removed and freihly wound. 

322. In •India Siemens’ * Plate Discharger ’ is the form of 
lightning protector universally employed, and it is likewise 
used f some extent in England. It has given generai satisfac¬ 
tion, and 4 s, perl^aps, as efficient a form of protector as hOhS yet 
b$en introduced. It consists of tw^o metal plates, one of which 
is connected with the line and the other with the earth. J'hey 
are placed close together, one above the other, and are pre¬ 
vented from touching by the insertion of either jebcRiite 
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washers or a piece of paraffined paper^ The oppo*sing sifrfaces 
are serrated at right angles to each other, and by this arrange¬ 
ment discharge is promoted.^ Care must be taken to dean 
the surfaces and prevent tlie accumulation of dust upon tftem 
when they are kept apart by the ebonite washers. The pa¬ 
raffined paper, when employed to separate the surfaces, 
should be examined after every thunderstorm, and replaced 
by a new piece, provided there is any indication, usually in 
the shaj^e of a hole burnt tlyough the pa{>er, of discharge 
having taken place. 

323. For the protection of cables and underground 
work generally Varley’s ‘Vacuum’ protector is employed, 
and has been found to answer the purpose very well. In 
this instrument an earth-wire and the line-wires are fused 
into a glass globe or tube which has been made a partial 
vacuum : this vacuum offers a ready path for. the discharge 
of electricity of high potential. Each globe or tube ought 
to be tested from time to time -with an induction-coil, or 
soiSe other generator of electricity of high potential. 


CHAPTER IX. 

TESTING. 

324. The operation* of examiningtheelectrical condition 

of apparatus, materials, and circuits is called testing The 
only materials employed in the construction of over-ground 
and under-ground telegraph lines which need be subjected 
to electrical tests previous to being issued are the Insulators 
and Covered Wire. * 

325. Testing Insulators .—^This should be carried out 
before the separate cups are fitted together or the bolts -fre 
inserted into them. The method which is usually adopfred is 

follows *(fig. 148) :—A trou^ t whose inside is coated 
tfiroughout with lead is^ filled with water, to which little 
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acid Is adcfed in ordg: to increase its conducting power. 
Into this trough is htted a rack constructed so as to hold the 
insulating cups which are to tested. Each of these cups 
cc is filled with acidulated water; around its rim is smeared 
a little parafhn, tur¬ 
pentine or grease, so 
as to prevent the 
water in the cup from 
coming into contact 
over its edge with that 
in the trough. In this 
state they are allowed 
to remain for at least 
twenty - four hours, 
until they are soaked 
as far as the)t can be. A powerful testing-battery, consisting 
of from 200 to 300 Danielles cells or their equivalents, is 
employed. 

One pole of this battery is connected to one terminal of 
a very delicate galvanometer G —usually Thomson’s re- 
,fleeting galvanometer; the other pole of the battery is 
connected to the leaden coating of the trough. 'Phe wire 
froni the other terminal of the galvanometer js connected to 
a metallic rod r, wdiich is fitted with an insulating handle to 
be held in the hand. This metallic rod is then dii)ped into the 
cups in succession, and, so long as they are perfect, little or 
no movement of the galvanometer mir^r takes place. But 
immediately the rod is inserted into a faulty cup the'' leakage 
which occurs tliroijgh the mass of tho, insulator—owing to 
either the cup beipg qmoked or the material of which it is 
composed being pprous—causes the mirror to he deflected, 
and if the indicatbr passes beyond a certain limit on the 
icale^he cup is rejected. 

•326. Testing Jeered IVire.^The method adopted for 
this purpose is very^ similar to that described above for the 
insulators. The coil of covered wire is allowed to remain 
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for several hours in a tank of water, sq as to ensure the ^’ater 
finding its way to the conductor through any effec ts that 
may exist in the insulating cj^vering. The zinc pole of a 
powerful battery is then connected to one end of the coil, 
the other end being kept dry and clear of the water; the* 
copper pole is generally fixed to a plate of copper which is 
placed in the tank. The r^ecting galvanometer is inserted 
in circuit in the same way as was done in the previous case, 
and by the deflection of the ^fiirror whatever leakage takes 
place through the insulating material can be ascertained. If 
a coil is found to be faulty it is wound upon a reel, and the 
wire is then drawn slowly off, and passed through the water, 
the connections of the battery and galvanometer remaining 
the same. Immediately the fault reaches the water the mirror 
is deflected, and the exact locality can thus be readily found. 

327. Testing Ciradis ,—The subject of Testing Circuits 
may be conveniently divided into two parts, viz.:— 

a. Testing to ascertain the condition of the circuits for 
the purpose of preserving a record, and to anticipate as 
far as possible the occurrence of faults. 

b. Testing to determine the locality of a fault when its 
existence has once become known. 

328. The former of these is carried on daily in England, 
and the tests which are* taken are of two kinds, according as 
they are applied to sub-office or head* office circuits. Every 
sub-office on a circuit is called by the head office at 
the hour of commencing work, and reports the state of the 
signals Whether ‘good* or ‘,weak.* The head office can 
likewise judge of the state of the signals received from each 
of the sub-offices. If he fails to gain tlie attention of any 
or all of them, he concludes that thire is a fault upon the 
circuit, and reports accordingly to the responsible officer. 

Every head-office circuit is examined every menrning 
between 7.30 and 7.45 by means of a tangent galvanometer 
at one of the terminal stations, while the wire is disconnected 
^t the other end (fig. 149). The reading of the galvanometer 
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G isl*noted* and from^this the condition of the wire is ascer¬ 
tained, and afterwards calculated out as follows :—A reading 
has been previously 
taken upon the gal¬ 
vanometer, through a 
certain known resist¬ 
ance, usually 1,000", 
and the battery power 
adjusted so as to de- « 
fleet the needle to ***5?*^ 

45®. The object of feJ 

this will be seen after- _ 

Fig, 149, 

wards. The same 

battery power is employed in taking the readings of the wires. 
Call d the angle of deflection obtained on one of the wires, 
and let it be required to find .r, the insulation resistance of 
the circuit giving this. By the principle of the tangent 
galvanometer, 

X t 1,000" :: tan 45° : tan 0. 



• X 


1,000® 
tan r 


tan 45° 


But tan 45° = I. 


1000" 
tan if 


Thus the total resistance of the circuit is found by 
dividing T,oo«“bythc tangetit of the-angle of deflection. 
The lower the insulation*the greater Will of course be the 
strength of the current passing intot the line when the 
further end is disconnected, afid the^eater the angle of 
deflection of the galvanometer needle. Having ascertained 
the total insulation of the circuit, the insulation per mile is 
found by mttlt^lying the total insulation by the mileage of 
^ne;*for it will be evident upon reflection that supposing tlie 
leakage to be^ uniformly distributed throughout, and no 
specific fault to exist upon the line, the leakage of current 
upon n miles of line will be n times greater,^and the 
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insulation therefore n times worse tl^an upon one mife of 
line. The insulation of an open wire when in propter working 
order should never fall below 200,000“ per mile in England, 
except under very exceptional circumstances, such as dense 
fogs, continued heavy rain, or proximity for a considerable 
distance to the sea. 

329. It will be seen tiat for simplicity and rapidity 
in calculation the constant should be kept as nearly as 
possible to 45®. As the readings of wires in the normal 
state rarely exceed 15“, and as the constant should never 
be below 40®, the following table has been calculated for 
speedy reference. If, for instance, a wire gives 12®, the 
constant being 43®, 4387 ^vill be the insulation resistance, 
and this, as already remarked, multiplied by the length in 
miles of wire tested, gives the insulation p)er mile in ohms. 



45° 

44 ° 

43° 

42® ^ 

41° 

* 40® 


57,307 

55,253 



49,816 

48,086 


28,637 

26,654 

26,704 

25,785 

24,894 

24,029 

3° 

19,084 

18,429 

17,796 

mam 

16,590 

16,013 


14,302 

13,812 

12.737 

12,298 

12,430 

12,000 


11,431 

11,039 

10,293 

10,293 

9,937 

9,592 

6® 

9,5*4 

9,188 

8,873 


8,271 

V,984 

|Q 

m 

7,883 

7,612 

7,350 

7,097 

6,850 


BDEI 

6,871 

6.635 

6,439 

6,185 


9® 

6,313 

6,097 

5,888 

5.685 

5,489 

5,298 

10® 

5,671 

wm 

5,289 

5,107 

4,930 

4,759 

R9 

5,144 


4,797 

4,632 

4,472 

isa 

12® 

4,704 

4,543 


4,236 

4,177 « 

3,948 

13° 

4.331 

4,183 

4,039 

3,900 

'3,765 

3,635« 

14® 

4,0^ 

3,873 

3,740 

3,612 

. • 3,487 

3,365 

15® 

iW j 

-JU-,— i- 

3,612 

3,488 

3,368 I 

.3.»5* ‘ 

3,139.1 


























































Testing, 267 

^30. A conventent form for retaining a record of these 
tangent tJists is the following :—‘ 


-m — 

Number or 
Name of 
Circuit 

Section Tested 

I.en|^h 

Section 

Tested 

Miles 

Galvr. 

reading 

Reduced 

to 

Ohms 

1 ■ 

Inmtla**' 

tion 

per mile 

From 

To 



t 


• 

« 

1 


Upon it should be noted the state of the iveather each 
day, the number of cells employed, and the constant, i.e. 
the reading obtained through the constant resistance of 
1 , 000 ®. 

331. The insulation resistance is the only test which 
is taken by means of the tangent-galvanometer. The 
wire 4’esistknce or conductivity test is obtained by the dif¬ 
ferential galvanometer, or by Wheatstone’s Bridge.' Every 
important wnre should be accurately tested at least once a 
month, both for insulation and wire resistance, and the 
/results should be carefully recorded. By comparing these 
witli previous tests incipient faults can be readily de-. 
tected and removed before they become serious enough to 
interfere with the ordinary working. > The differential gal¬ 
vanometer was for some time mainly employed in taking . 
these tests, but it has of recent yeai^ been entirely sui)er- 
seded by some form or other of Wheatstone’s Bridge, whidi , 
is in every way better adapted for the purpose. A srnall ■ 
horizontal galvanometer is used in <^nnection with it, and ; 
this should be as delicate and sensitivi^ as it can possibly be,‘, 
majjc. In fact, in carrying out afi electrical tests the ] 

* detecjpr ’ or galvanometer employed should be capable of*, 
givipg a sensible deflection with a very minute fault, for a / 

* * For full par^culars as to the theory and principle of the Dif* 
ferential Galvanometer and Wheatstone’s Bridge see Flceming Jenkin’s'i' 

* Electricity and Magnetism,’ Chaps. IV. add XYl. 
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slight defleclian upon a comparatively rough in^iment is 
often apt to be overlooked as of little importance^ although 
it may really impair to a great extent the working of the 
circuit. ' ' 

332. Wheatstonis Bridge .—A compact and convenient 
form of Wheatstone’s Bridge for practical use is shown in fig. 
150. The thick lines are intended to represent the resistance 



coils j the dotted lines show two connections which* are not 
visible unless the apparatus is taken to pieces, between ter¬ 
minals I and 4 are the arms of the bridge, each consisting of 
three coils offering a resistance of 10, too, and 1,000 ohms 
* respectively. The necessary connections are indicated upon 
the figure ; k is the testing key by means of which the battery 
is introduced ; k' is another key for bringing the galvano¬ 
meter into circuit. The former should always be depressed 
for a few moments before the latter; the object of this is’to 
prevent the galvanometer from being damaged by any sudden 
rush of the current through the coils, The galvanometerikey 
k' must also make very short contacts, ttiat is to say ifr should 
be only momentarily depressed. All that is required is an in-,, 
dication showing to which side the needle is deffected until the 
^resistance coils are so. adjusted that a balance is obtained, 
testing with this apparatus special care should'be taken 
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thaf such f)lugs as have to be inserted are making good con¬ 
tact; the«plugs themselves shoiild also be kept bright and 
clean. From time to time the contact points of k and k' 
sfibuld be cleaned by having a file or piece of emery-paper 
passed over them, so as to remove any dust or metallic dirt 
that may have accumulated upon them. The principle of 
this instrument is best seen from an inspection of the fol¬ 
lowing diagram (fig. 151J. 



Fic. 151. 


As long as the potentials of the points i and 5 are similar, 
no current can pass through o ; and conversely when no 
current passes through g, the potentials of the points i and * 
5 must be similar. This will always happen when 

A : B :: c : Dr 

» 

so that when the resistance of the branch a is ecjual to that 
of the branch c, the resistance of th^ rheostat must equal 
that of the line. ' 

533. Insulation Test.-^The necesj^ry connectionj re¬ 
quired •when testing are indicated upon fig. 150, and litde 
•further can beadded respecting ^cm. For the in.sulation test 
the line is attached to terminal i, and an earth-wire is con¬ 
nected to terminal 2, to which the copper of the battery is 
likewise brought The zinc-current is invariably fernployed for 
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^ Ifisulation testing (§ 315); and a wire from the zinc p»ole of ^he‘ 
if battery is therefore led to the^key which^is in connection with 
^^;terminal 3. Tf the test be within the total of the resistance 
?^'c6il% viz. 11,110", the whole of the resistance in each arm;, 
'-.viz. I,no®, should be unplugged As a general rule the 
^:'resistance in each arm while a wire is being tested should 
s approximate as closely as possible to the result of tlic test. 

' If the test be over 11,110® and under in, 100®, then the 


i.|fesistance in a should be made to belir to that in c the ratio of 
, i to 10, by inserting only 10® or 100® in the former, according 
;,aS 100® or 1,000® are inserted in the latter. If again the test 
' is over 111,100® and under 1,111,000®, the resistance in a 
, should* bear to that in c the ratio of i to loo, and this can be 
' effected by inserting 10® in the former and 1,000® in the latter. 
The largest resistance which can be measured by the form of 

bridge is i,n 1,000® or n,iio® x the latter factor 

’ 10^ 

being the highest which can be obtained from the resist- 

anceiil in c and a. The total insulation test being thus 

found, the insulation per mile is obtained by multiplying it 

, by the number of miles of wire tested- 

334. Resistance Test.-^Yxx taking the conductivity or wire- 
resistance test the connections are the same as in the previous • 
case ; the only difference in the arrangement is that the dis- 

* tant station now puts the wire to earth, instead of leaving it 
disconnected. The same remarks as have been made about 
the resistance which should be inserted in the arms of the 
bridge when taking the insulation test apply equally to this 
test. But as the wire-resistance seldom exceeds ii,iio« the 
test obtained when 1,110® is inserted in each of the branches 
can be verified by varying the ratio of c to a, making it either 
to to I or 100 to I, and altering the resistance coils .Record- . 
ingly. C * ^^ 

335. In making the wire-resistance test it has been as-’ 
sumed that the distant end of the line has been put to earth, 
•and that earth has been joined to terminal 2. Considering 
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the difficulty, however, which frequently es^ts in the way 
obtaining jgood earth•(§ 274), and the danger v/hich is thi^B 
incurred of additional resistance' being thereby inserted 
tlie circuit, it is advisable to dispense if possible altogeth^.; 
with the earth, and, if a return wire is available, to makeitSe ./ 
of it. ‘The end of this wire should then be joined on to 
terminal ,2 in place of the earth-wire, and the distant station 
should be instructed to loop the two together. If the wires, 
are of the same gauge and traverse the same route, the*, 
resistance of each will be half of the total resistance. But"^ 
even supposing that they are not of the sjyrie gauge, and that 
a third wire is available, the resistance of each wire can then 
be found independently as follows:— 


Let 


and let 


Then 


X 

y 


resistance of No. i wire. 

2 

■ 

3 


J) 


jy 

yy 


X 

y 
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X + y . = a 

X -V z b 

y Jr z ^ c 

a Jr b ^ c 
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4 * 

c — 
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JL 

c — 

a 


yy 
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336. The resistance test should in^riably be taken with 
both the zinc and copper current. FcS* although the result 
obtained would be the same with each, supposing the 
wire^to be absolutely perfect throughout, yet this in actual 
4)ractice^ is seldom if ever the case. Earth currents at;e 
always more oiless present, and defective joints in the wires, 
as^ell as hidden flaws that may exist in them, introduce 
a disturbing elesnent on account of the different effects 
produced by the zinc and copper currents at these points. 
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The mean of both tests should then be calculated, ,,i.e. 
calling X the test obtained by the ziifc current, ^d y that 
obtiiined by the copper current, the real test may be taken 

X + y t 

as = — 

2 

337. Localising faults .—The existence of a fault having 
become known, the first step to be taken is to ascertain as 
near as possible its locality. Practically, on over-groimd 
wires, a fault is localised by simply disconnecting or putting 
the wire to earth at successive stations until it is localised 
between two stations. At certain stations along the line the 
wires are led into testing-boxes for the purpose of affording 
facilities for crossing, disconnecting, and putting them to earth. 
Previous, however, to communicating Avith any of these 
offices it ought to be ascertained whether or not the fault may 
not be in the apparatus at the station itself. This is done by 
short circuiting the api)aratus or, provided there be a test- 
box in the office, putting the wire to earth, or disconnecting 
it t!%re. The testing station is always the most important 
station on the circuit, aiid is generally one of the terminals. 

338. Taking first ofallth^ case o(a Let (fig. 

152) AD be a circuit be|jveen a and*D led into testing-boxes 


A 





at'B and c, and suppose that a disconnectidn has appeared 
upcllll' it. Then if a is the testing station, the wire is first of 
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all p^it to earth at the test-box there, and a galvwomete^ 
insefted between it aftd the instniment As soon as it is 
ascertaineef that the fault is outside the office by the gal¬ 
vanometer being deflected, a advises b to put the wire 
to earth for one or two minutes. If, when this is done, 
the indication of the current is still*obtained on the galva¬ 
nometer, the fault is beyond b, and c is next advised to 
treat the wire in the same way, b having of course restored 
it at the expiration of the time named to its previous con¬ 
dition. If the same occur at c, i> is then advised, and if the 
galvanometer is now unaffected (or affected but very slightly, 
and that simply through the normal leakage between a and 
the locality of the disconnection) the fault is between c and 
D, and the lineman is at once advised of the nature and 
locality of it. 

With an earth fault a similar course is pursued, differing 
only in the fact that at the vai'ious test-boxes the wire is 
disconnected in place of being put to earth. 

339. When two wires are in contact they are both put to 
earth at the testing station, and disconnected at the others. 









D 


Fic;. 153. ' 

Thus (fig. 153) the indication at a of the two 
wires Nos. i and 2 being }n contact would be 
that the current sent along one would be re¬ 
ceived on the other. To Ko. i, therefore, the 
current is applied, and in'No. 2, which is put 
to earth direct at the test-box, a galvanometer 
, ' ^ is inserted; b is then asked to disconnect both 

wires, arfd if whkn this is done no indication is observed on 
tlTe galvanometer the contact is beyond b. The same is done 
at c. If, however,*when d has disconnected, the current sent 
along No. z is received* on No. 2, the fault is between c and 
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D. Upon no account whatever should b, c, or d put the^wire 
to earth ; no reliable test for a contact could be made if this 
were done, for if earth be put on near the contact the greater 
portion of the current would go to earth and not return to«A. 

340. Crossing Wires .—The speedy restoration of com¬ 
munication upon busy circuits is a matter of such importance 
that immediately a fault upon one is localised every effort 
should be made to cut it out of the circuit, and so restore 
communication at once. This can be done only by crossing 
the wire with another of less importance which may happen 
to be in existence between the two stations between which 
the fault has been localised. Suppose (fig. 154) that ae, 
an important through circuit between- a and e, becomes 
faulty between c and d, and that between c and D is the 
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secti^ of a less important circuit picking up the stations b, 
c, and D, At c and d the faulty section of the through wire 
is thrown out until the fault is removed. In its place is 
substituted the section cd of the ‘ pick-up * circuit. Com¬ 
munication is thus preserved between a and f, the former of 
which can transmit the work of B and c, and the latter that 
of D. In this way the inconvenience felt from faults is’^ in a 
well-organised system reduced to a minimum, and frequentiy 
four or five wires between two important centres may have 
faults upon them, and yet only one of them be^really broken 
down, provided the faults s<re not in the same sections. 
Upon trunk lines of telegraph which are traversed by im¬ 
portant wires it becomes a question for grave consideration 
whether it would not be advisable to eirect a^sparc wire for 
the sole purpose of restoring the normal communication |s 
far as pos^le when a fault occurs upon one or more of the 
working^ circuits. 

« 34if« ^Fvery important office should have one or more alter- 
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nati^ routes by mean^ whidi, in the event of its main line of 
communidltion being broken down^ an outlet may be foni 
for the traffic. Thus (fig. 155), supposing all the wires be 
Brighton and London are broken down, Brighton has 
country circuits to P<^tnputh, Southampton, Eastbourne,. 
Hastings, and yairious other towns in direct communication 
with London, anycme of which can, by simply removing the 
earth and crossing the wires in their test-box, restore com¬ 
munication between London and Brighton. 

342. Intermittent faults are by far the most difficult to 
deal with; and it is often impossible, on account of their 
short duration at one time, to localise them by taking the 
steps indicated above. Where a wire subjected to an inter¬ 
mittent fault can be crossed with another, it is advisable to 
do so. Thus (fig.’ 154), if on the wire ae an intermittent fault 





made its appearance occasionally, the wire should be crossed;, 
with sections of (he abc^de wire succe^ively between b and 
c, ctind D, ^c. and kept so until the fault disappeared from 
AE and^howe^ itself on abode. Only in this way can it be 
•ascertained in what section it exists. 

• 343. The testing at an intermediate station is exactlythe 
same as that described for a terminal station. By putting on 
either sidei and thus ascertaining on which the fiailt 
' . T a ♦ 
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exists, the station does really become terminal for the fime 
for all practical purposes. 

344. The method generally adopted for ascertaining the 
locality of faults uj)on the overground lines in England is that 
which has been described above. The testing stations are 
comparatively close to each other, and a fault, having been 
localised to exist between two of them, can generally be re- 
moved an hour or two after the line-man has started in search 
of it. But upon covered wires this cannot be done, for although 
the fault can be localised in the same way the same facilities 
for examination do not exist as in the case of an over-ground • 
line. If no other steps are taken for.ascertaining tlie locality 
of a fault upon a covered w'ire beyond the disconnecting 
or putting it to earth at the testing stations, then the wire has 
to be cut and tested at each successive flush box (§ ;i86) until 
the defective section is found. The inconvenience and delay 
attending this may be overcome in many instances, by em¬ 
ploying what is known as the loop test, provided another wire 
in a p^ect condition is parried along the same line of pipes. 

345. The Loop Test .—If the insulation of a line were 
perfect, a condition which is never practically attained, the 
localisation of faults would become a very simple matter. 
Thus, for instance, let (fig. 152) the wire ad find earth at a 
point between c and d, and suppose that the fault is a perfect 
earth, that is to say offers no resistance. If A is the testing 
station, and the wire when tested in this condition gives a re¬ 
sistance of 140“ then allowing 14“ as the resistance per mile, 

the distance of the fault from a is = 10 miles. 

But the majority of faults of this kind do offer a greater 
or less resistance, and the- insulation of the line being ijiore 
or less defective, theoretical calculations of*^ this: nature 
cannot be carried out in practice. The ad^ahtage of the, 
loop test consists in its being independent, within certain 
limits, of. the resistance of the fault. A reference to fig. 156. 
i^ill show the connections which have to be made in one 
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I 

mediOd of taking thi^test with the Wheatstone bridge. The 
zinc of tUb battery is brought to the testing key, the copper 



Fig. 156. 

•being put to earth. The galvanometer is inserted in the 
usual way, and the good and bad wires being joined together 
at the test-box of the distant station B, the end of the former 
is connected to terminal c, and of the latter to terminal e. 
The resistances in the bridge should then be adjusted until 
equilibrium is obtained. Then calling x the distance of the 
fault from terminal e, and ^ the distance from terminal c, 
according to the principle of the bridge : 

Bc: t liA ; AE .a? 

or BC (aE -f" = EAX^. . . (i) 

But L, the total wire resistance of the whole loop, which 
can be ascertained on reference to the record of periodical 
tests is ^ r= L—a: . . , (2) 

Substituting this value of y in equation (i) 

t 

BC (aE + JC) = BA (l ^ X) 

. BA X L — BC x!aE 

HA f BC 

' % 

And the values of ba, bc, ae, andl L being kn^wn, the 
resistance of x is obtained : this divided by the resistance 
per tniie of wires gives the distance in miles of the fault 
from station a^ 

• IT the two arms of the bridge ba and bc be made equal 
to* each other the above equation becomes — 

L—AE 
X sa- 

2 • 
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346. A second method of taking the loop test is sh8wn 
by fig. 157. In this, the resistance in the arm Bc^'hould be 
plugged up, and ba, ae then become the two arms of the 
bridge. The connection being made as shown in the figure 
and BA, AE adjusted until equilibrium is obtained (x and y 
being, as before, the distances of the fault from terminals 
and c respectively) it follows that— 

ba X AT = AE X 7 
But _y = L — jp 

,% BA X .r S* AE (l — jr) 



and this divided, as before, by the wire resistance per mile, 
gives the distance in miles of the fault from station a. 



^ Fig. 157* 

If the two wires employed iave not the same tesistance 
per mile, then the value oNsjnust be divided by the resistance 
per mile of the faulty wire. ^ 

347. If two wires are in contact the distance of the 
contact frpm the testing station can be really found,* pro-» 
vided th&me fault itself offers no resistance. The two wmfcs 
. form jft jpop whose resistance csfn be readily measured by 
bridge, and half of this divided by the resist- 
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an<y per Aile of the wires, will give the distance from the 
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If, however, the contact offers a certain resistance, the 
locality can be ascertained by arranging the bridge in much 
the same way as was done in ||ie second method by taking the 
loop test (§ 346). The connections required for this are shown 
by fig. 158. The resistance ii^Bc is plugged up as before, and 
UA, AE thus become the anns of the bridge. One of the two 
wires is disconnected at station B, while the other is put to 
earth there. The former is connected to the copper pole, and 
being thus made a battery wire, does not enter into the cal¬ 
culation. The resistances in ba and ae being now adjusted 
until'equilibrium is obtained, it follows that: 

: r':: BA : AE 
or BA X = AE X' r 

and BA, AE and r-hr' being knowm, the values of r and can 
be found, and the distance of f, the locality of the fault from 
station a, can thus- be ascertained. 

348. Testing-Boxes ,—The manner in w^hich a wire should 
be terminated has been already described in § 272, and the r 
I)recautions which should be taken in leading it into.the office ' 
have been likewise indicated in § 273. If the office contains; 
bul a few instruments, and is not a testing station, each wire. 
is led direct eo the instrument which it is intended to work* 
put if the number of instruments is considerable, each w'ire 
is led to a test-box and brought thence to its instrument"^ 
Test^boxes are. likewise fixed at offices situated on a trunk- / 
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line, andinto them all the wires which pass are fed, for^the 
purpose of facilitating the operation obtesting;,, as explained 
in § 327, No uniform plan has been followed in the - fitting 
up of these test-boxes, but that which is generally' adopts 
may be gathered by a reference to fig. 159. 

On to a wooden frame, generally formed of mahogany, 
and varying in size according to the number of .wires which 
are to be led up to it, four rows of brass terminals are sym¬ 
metrically fixed. The upper and lower rows of terminals 
are used for the ‘ Up^ and ‘Down* line wires respectively,: 
the two intermediate rows are ‘ Instrument * terminals. Be- 
^tween the latter a row of ‘ Earth * terminals is placed ; the 
number of these varies according to the number of line- 
/wires; but, as a general rule, fcfr every two of the latter there 






should be one earth terminal. The line terminals are nuip- 
bered consecutively from left to right. Various systems 
have been adopted in assigning the numbers to the wires in 
a test-box; that which has beeit found to answer best is to 
assimilate the test-box in this respect to the terminal pole 
outside the office, where such exists, and so arrange flie 
numbers upon both as to coincide with each other. , ' 

/'■' In addition to marking the numbers, it iifadvisablp to 
attach bone labels to the terminals, and indicate upon the^ 
the names of the various circuits. The labels can be changed 
accord^ to any alteration rendered necessary by a re-ar- 
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raiigeroeA of-^the wyes. In fig. 159 the wires going to ter- 
nilinals ifand 4 have intermediate instruments joined up on 
them; '^t 2,,both ‘Up* and ‘Down/ and 5 the necessary 
&niiecti6n5 for a terminal station are shown, while to 3 the 
wire is brought in simply for testing purposes. It is always 
^vi^ble to leave a few spare terminals, in order to provide 
for the normal increase of wires. 

The wires are connected to the terminals at the back of 
the box; these connections should invariably be so^ldered, 
and, in doing so, chloride of zinc ought never to be used 
as the flux; rosin ought to be always employed. The,, 
earth-wires running along the back of the box should be 
carefully soldered to each of the terminals marked earth. 
The terminals themselves should be kept bright and clean, 
and ought always to be well screwed down, so as to prevent 
disconnections. To guard still further against this, the wire 
employed in the connections for a test-box had better be of 
the gauge known as No. o or No. 7 plain, rather than the No. 
20 gutta percha covered wire which is frequently used. 


CHAPTER X. ‘ 

COMMERCIAL telegraphy. 

349. A Text book of Telegraphy c|in scarcely be com¬ 
plete without some explanation of *the Method adopted in 
the actual transaction of tele^aphic buaness. I'he instru¬ 
ments in use have been described, their mode of connection 
toget||er has been shown, the construction of lines has been 
illustrated. We have now to assume the existence of sjiik 
q[)erator at eafir instrument, and eveiything prepared for 
theitransmission of messages. 

. 350. ^Message fai'ms .—There are three kinds of messages 
that the operator has to deal with,, and each kind h^ its own ^ 
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particular form, upon which it is written. The ferst 
warded message is written an what is knowm in |lic British 
Postal Telegraph Sefvice as the A form; it is printed on white 
•paper, and it is the message which is written out and handed 
across the epunter by the sender himself for transmission by 
wire. It has to be paid for. The second is the transmitted 
message, which is written on the B form ; it is printed on 
buff paper, and is the message received at a telegraph 
office by wire for retransmission by 7 vire to some other tele¬ 
graph office. The third is the received message, which is 
written on the C form; it is printed on pink paper, and is a 
message received by wire at a terminal office for delivery by 
hand to the person to whom it is addressed from that office. 

There are other forms used for other cla.sses of messages, 
which are paid for under special- rates, such as foreign and 
press messages, or those which are sent free, such as messages 
on the service of the Post Office Department or of a railway 
conmany. Every circuit is supplied with pads of these 
fornw, and in order that the clerk who is about to receive 
a message may know what particular form to use, every 
message is indicated by a prefix, which is the first signal 
always sent. Thus the letter ‘ S ’ shows that a C form must 
be used ; the letter * X ^ a B form; ^ S G' a service form ; 

‘ S P ^ a press form ; ^ S A' a free railway message form, 
and so on. Moreover, these prefixes indicate the order in 
which these messages must be sent; for some messages, Such 
as those on the business of tlie State, or on the urgent busi¬ 
ness of the Department^ take priority over ordinary private 
messages, as these latter take priority over ordinary Service 
messages. 

351. Code Time, —But while precedence among t^e dif¬ 
ferent classes of messages is determined by the prefix, the 
"order of t^nsmission amongst messagesthe same class 
;;$3nd cha&ter must also be determined; otherwise, when 
•^ offices are upon the same circuit/considerable epn- 
^ yould arise if each office could not determine the 
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priGrity oAiespatch qf its own messages. This is done by 
the * cod# time,’ which is the signal sent after the prefix. 
Time is transmitted by code according to the following 
dfagsam:— 



The twelve letters from A to M denote the twelve hours. 
They also denote the twelve periods of five minutes of w^hich 
each hour is composed. The intervening four minutes are 
denoted by the letters R S W X. The letters sent sin^y 
indicate the hours, sent in combination olf two they represent 
the hours and certain periods of five minutes; sent in con- 
nection with the intermediate letters R S W X they" 


reprdl>ent hours and minutes: 

Thus— 


s 

. w* 

is if - 

B 

is 2 

E is 

S V 

j 

,, 6 

I 

9 

K 


M F 

• 

„ 12.50 

BI 

» 2-45 

EK „ 


MRS 

12-34 

BIX 

ft 2.49 

EKS „ 

• 
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In England, where the despatch of giessages^is^.BO ra|»id, 
and where Greenwich time is uniformly employed, there is 
no necessity to indicate whether the hour is a.m. or p.m.; 
but on the continent, where much greater distances ^and 
differences of time exist, the distinction is given by M for 
matin and S for soir. On the other hand the above code¬ 
time system does not exist there, time is sent in full, thus; 

* 12.32 S ’ or ‘ 2.49 M * is signalled as written. The English • 
system is far more concise and rapid.. 

The *codc lime’ is the signal always sent after, the 
prefix, and it indicates the time at which the message 
was handed in by the sender, .'fhe signalling of this code 
time not only indicates the order of transmission of the 
message itself, but being signalled to the terminal station 
it is copied on the received form, so that the ultimate 
receiver of the message knows the exact minute when the 
message was handed in by the sender (§ 356). This inform- 
.ation is not only very useful in itself to business men, but it 
forms^n admirable check by which the public itself is able 
to supervise the working of the telegraphs. 

352. Station Calls ,—Before a message can be sent to any 
station the attention of that station must be attracted. It 
must be called, and an answer given to show that the atten¬ 
tion of the operator at that station has been secured, and 
that he is ready to receive a message. In the earlier tele¬ 
graphs this was done principally by bells, and the bell is 
still used with the ABC apparatus {§ 83); but the necessity 
for bells no longer exists, for each of the other kinds of in¬ 
struments emits sufficient sound to attract attention. But 
when several stations are upon the same circuit, how is any 
one individual station to be selected and attracted? rt|>the 
same way that in the presence of a company of mdh when 
the att^tion of one, say Brown, is requireS, ‘Broifrfl’'ist 
.shouted, and Brown replies by a lusty ‘here.’ So evAy 
station is supplied with its name or ‘ code ’ to distinguish it 
,^om every other station, and when it is wanted it is called 
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by ithis coae^and to it answers. It would be tedious and 
uncertain* to signal the names of stations in full, hence an 
abbreviated name or code has been given- to every ofhce by 
d()pKopriating to it combinations of the letters of the alpha- 
bet in groups of two and three. There are 650 combinations 
of two letters of our alphabet, and 15,600 of three letters, and 
as there are only 5,585 postal telegraph offices in England, 
it is evident that no ‘code* consists of more than three 
letters. 


Liver])Ool is indicated by . 

L V 

Manchester 


M R 

Bristol 

>> • • 

B S 

Edinburgh 

• • 

EH 

Maidstone 

JJ • • 

M A 

Hollingboume 

• • 

HJX 

Lenham 


LDP 

Egerton 

• 

ECN 

Charing 


CE Y 

Ashford 

• • 

AD 


The last six stations enumerated are all on the same single¬ 
needle circuit. Every current sent on that circuit operates 
each instrument alike and simultaneously. Practically it 
may be said that they are all in telegraphic sound of each 
other. Suppose Maidstone has a message for I^nham-: he 
signals on the instrument * L D P, L D P, L D P/ Every 
other station hears the call and knows (the station wanted, 
but t^o one answers but Lenham, whosse operator, when he 
perceives that he is called, replies ‘ heit LDP* or simply 
‘ L D P ^ only. Ashford having thus si^ured his attention, 
signals the prefix and code time and proceeds with the message. 

;^ut there is an inconvenifence even in the use of three 
letters. •The combinations frequently and carelessly repeated 
^ovnd so muc^ like words that, unless the call be carefully 
made, an inattentive station may conceive that a message is 
being transmitted between two other stations instead of his 
own station being called. The calls are also sometimes veiy 
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like each other in sound when made^ rapidly^ a&d on* all 
instruments the calls are read by sound. Againi^,^s mOst 
sub-offices, like those enumerated above, communicate only 
with their own head offices, complication is unnecesear^, 
Hence> single call letters, viz., D, G, K, O, R, S,’ &c., for 
local use have been introduced. The sub-office which 
comes nearest to its head office is called D, the next in order 
G, the next K, and so on. Thus the calls on the above 
circuit would be— 


Maidstone . 

Code. 

M A 

Call. 

M A 

Hollingbourne 

H JX 

D 

Lenham 

. LDP 

G 

Egerton . 

ECN 

K 

Charing 

. CEY 

0 

Ashford . 

AD 

A D 


Lenham’s call would, therefore, be * G,’ and he would 
reply1|G.* 

353. Number of words ,—^When a message was handed in 
at the counter the counter clerk up to very recently counted 
thd number of words in the address, which in England are 
signalled free, and entered, that number in a column on the 
A form; he then counted the number of words in the body 
or text of the message, which alone are paid for, and made 
the proper entry on the form; lastly, he counted the number 
of words in the special instructions as to the mode of de- 
' livering the message, which were sent after the message’^ and 
ar^ signalled free, which he also entered on the form. These 
-three figures were then summed up and the total number of 
words signalled to the receiving station after the code time. 
’’But now the number- of words in the text of the mes^gp 
' ohly are jpeunted and signalled. This is done Solely to secure^ 
accura^;tn transmission, for every clerk immediately he l)^s 
•^eive^^ message counts the number of wbrds in it, and if 
with the number signalled, he concludes that his 
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mGft^ge jorreCtly^received; whereas if the numbers dis* 
agree, hepat once obtains a correc tion. 

The instructions for the delivery of the message after the 
wil% has done its work, together with the office of origin, 
which formerly were sent at the end of^the message, are no^ 
signalled after the code time. 

354. Preamble .—^These signals, the prefix, the code time, 
the office of origin, the instructions, and the number of the 
worfls, form the preamble of the message j and, compared with 
the preamble in use on the continent, they are very concise. 
In the continental form of message the preamble consists:— 

(1) I'he prefix. 

(2) Name of station of destination. 

(3) Name of sending station prefixed by the word de, 

(4) ‘The consecutive number of the message. 

(5) Number of words in message. 

(6) The day of the month. 

(7) The time to minutes with the indication M or S. 

(8) The station transmitting when it has to be for 

warded on by wire. 

(9) The special instructions for delivery. 

All these signals together are equivalent on the average to 
ten words, and are, therefore much more cumbrous than the 
English form, which, with the special instructions sent at 
end of the message, do not average more than six words. 

355. The fonuarded message .—After the preamble comes 
the address, and then the body of the message itself. These 
parts are separated from each other by a distinct signal, 
called the break signal (.. ..), so that the receiving operator 
knpiv^s on what part of the foitn before him he has to wri^ 
down the words he reads off. 

• e * 

0 * On the continent every message is numl)ered consccutivdy pt 
each office, and iftiy enquiry about that message is referred to 
Qumben In Kngland we speak of a message os * your A B Jones * 1^^ 
giving the code time, and name of the sender. 
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yhe completion of the message itself was, until very 
recently, indicated by P Q ; but this last signal has recently 
been abolished in England, because it really had becotne 
uftrfa|fessary. The ending of the message is either self- 
evident or it is sufficiently indicated by the prefix of the 
next message being sent, or by another station being called. 
On Morse circuits the signal ... — . is used to denote its 
completion. A complete message with all its entries is 
shown in the diagram on p. 288. 

356. Tfie received message .—^'Fhe clerk who receives the 
message writes it down in pencil on the proper form which 
is indicated to him by the [prefix. If it is an ‘ S ^ message 
received for delivery to the public an office copy or duplicate 
is kept The C forms are made up in pads and in dupli¬ 
cates, thus : the first sheet is the office copy, the next the 
public fomi, and so on. The office copy, which is kept for 
reference, is w^ritten with a pencil, contains all the entries of 
prefix, code time, number of words, &c., which the public does 
not want to know; the rest of the message, which the public 
does want to know, is transcribed on the public copy by car¬ 
bonic paper, which is slipped into the proper jjlace between 
the two forms. Hence, the office copy is in pencil, the 
public copy in manifold writing. This latter form is folded 
up, inserted in an envelope, w'hich is addressed and, then 
sent out for delivery by messenger. The entries made on 
the C form are as follows:— 


Pn>fix^codejgi<r.g|POgT OppTCE 

i r c L 6 Ci£es.l A J I }l\ 

from i r. >>^.|Sentat..0.; *0, r 


Iffiniofi* 
To fy-George 


MM. Instructions. 


m 



Adds.. 

11 

Dist- L 
Means, ance f 

y— 

A/: 

Text.. 

.^7 

1 

Collected... 


Instil* 

E 

Paid out.... t? 

0 

Total 

.H5 


Dated 


♦ Handed in at the Northampton Office at 
Revived here at .A. 


Stamp. 
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357. The transmitted message .—The clerk wllb receives 
an ‘ X ' message writes it down in ^pencil on \he proper 
form, which is indicated to him by the prefix. The prefix, 
code time, number of words, time received, are eq^";rfcd 
upon it, and the form is then passed on to the next circuit, 
upon which it is further signalled, and there it is dealt with 
as a forwarded message. The entries made on the B form 
are as follows :— 


B. POST OFFICE TELEQBAPHS. 


Prefix 

Reed, at 60 Pm. 

Words. 

11 

.Sent at -^M, 

MM. Instructions. 

M. H. 5h Paid 

Office 

Stamp. 


From 

1 

. 1.1 

To. . 



Code 

By y. Brown 

..1 

By P- Smith 

Northampton 



* 


35 ^^- Acknowledgment. —Uj^on the ABC and needle 
instruments every word is acknowledged as it is received. 

word cannot be read repetition is desired, in the former 
instrument by giving the letter K, in the latter by giving the 
letter E. If it be correctly read then it is acknowledged in 
the former instrument by a complete revolution to zero^ in 
the latter instrument by the letter T. Expert operators are 
very fond of receiving without giving any acknowledgment 
until the end of the message. 

In the Morse and Sounder, when worked by single cur¬ 
rents, no acknowledgment is given until the end of the 
message, unless an evident ^rror is made or the receiver fails 
to read, when the sender is instantly stopped and requested 
to repeat. When worked by double currents no lacknovv- 
ledgment is given until the message is complete; when, as in 
single current \vorking, if the total number of wordi^vredeived 
agrees with the total number signalled afid the message 
appears accurate, the name of the addressee of the mess^e, 
.followed by the repetition of figures and doubt&l words, 
is'given as the acknowledgment. If the numbers do not 
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agr^,'. or, if an error evident, correction or repetition is 
obtained. • When messages are very long it is sometimes 
the practice in double current working to take an acknow- 
leQg^ent occasionally to hnd that all is going well. On 
such occasions the switch is simply turned and the receiver 
sends * G,’ which means ‘ right, go on,^ if all is right, and 

‘ R (repeat) from-’ if anything is wrong. 

On very busy circuits worked by experienced operators, 
acknowledgments arc frequently dispensed with altogctlier 
and the messages are pushed through as fast as clerks can 
manipulate. Of course, if a correction or repetition is 
needed the sending operator is stopped at once; but if no 
notice is given the sending clerk assumes that all is right, 
and he goes on manipulating until he is stopped by want of 
messages or by some necessity at the receiving end * 

AVhen numbers are expressed in figures (§57) frequent 
errors are made in their transmission from the great simi¬ 
larity of the signals used. They are, therefore, repeated 
back, collated as it is called, by the receiving clerk as a part. 
of the acknowledgment But in automatic and duplex 
circuits the repetition is given by the forwarding clerk at the 
end of the message. Accuracy is thus ensured. 

The acknowledgment on the continent is generally the 
repetition or collation of the numbers or cyphers signalled in 
the body of the message, and if there be no numbers the 
repetition of the number of words onl)'. 

359. Modes of Working .—The ordinary mode of working 
is to send messages consecutively in their ^rder of precedence 
as indicated by their prefixes and code time, and stringent 
measures are adopted to prevent any abuse or neglect of 
code^time; but when dreuits become crowded with mes¬ 
sages, special modes have to be devised to clear off the work. 
yiws,-if we weft to take a bu.sy circuit at one extremity of 
«• 

. ' On one occasion 613 messa^^cs were sent in one continuous streani 
upon an automatic circuit, between Goodwood and * London, without 
one stop, * V " .■ 

• U 2 " 



292 


Modes of Working,' 


England, say from Plymouth to Penzapce, if all life messgtges 
forwarded from and received at Penzance were tQl;^take their 
code turn, the forwarded messages would be considerably 
delayed by the received messages w'hicli arrived with Qrylffer 
codes from other parts of England, and to which they would 
have to give way. This is remedied sometimes by adopting 
what is called up and d(nvn working ; that is, by each station 
sending alternately one or several messages. When only 
one message is sent from each station alternately it is up and 
down working proper. When several messages are sent 
together in one direction it is batch working. Five is the 
favourite number for a batch. Of course each station 
adheres to code time in its own messages, and each station 
acknowledges each batch on its completion. When the 
business between two stations admits of it, the greatest 
amount of work is got off by having separate and distinct up 
and down circuits, along which the messages are constantly 
pouring in one continuous stream; and the perfection of 
thi^ mode of w'orking is obtained in the duplex circuits, 
where the strean) is never interrupted by corrections, repe¬ 
titions, or conversation. The duplex and automatic circuits 
are worked on the same method : messages are sent in 
batches and acknowledged in batches. 

A proper system of working in batches is very desirable 
in cases of breaks-down, w'here, perhaps, one wire will have 
to do the work of three or four. Supposing there are four 
busy stations, A, B, C, and D, reduced by accident to using 
one wire, thus :— 

A B C D 

□ - □ - □ - □ 

. ^ 

Then to get the greatest work out of the wijp with'the least 
possible delay each station should in its turn sentl vjnc’ 
receive a batch <not exceeding five message's. Thus B sefids 
its batch to A, C then sends its batch to A, and D follows; 
after thist.A sef^s its batch to B, then to C; Und lastly to D, 
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and so on* Of Course, the circuit must be well controlled 
by the pwncipal station A, and every clerk, who must be of 
the most experienced class, must be on the watch to take 
h*s without delay. 

360. Tablet check .—It is always desirable to know what 
amount of work every circuit is doing, and the rate at which 
this work is being got off. For this purpose every circuit 
at most of the principal stations is supplied with a form 
called a Tablet c^ck, upon which each message as it goes off 
is ticked— 

Dated Stamp. 

POST OFFICE TELEGRAPHS. 


Bristol 


Hours 

5 minutes 
and under 

6 

to 

XO 

II 

to 

15 

16 

to 

30 

21 

to 

30 

3» 

to 

45 

over 

45 

c 0 

Re- 1 
ceived 

Total ^ 
Kec<>. 

1 

Toul 

Remark 

9 to 10 

I §9»i9t9» 

1 

" 

9 





a 

§ 9 9 9 f 9 

4 9 9 4 

10 

21 


XO—II 

1 

• 9 f 

t 

1 . 

_ 




30 

9/4991 

12 

32 


II—12 

»§t§§t9t»9 

9 






18 

n 19 9 9 j 
9 9 t 9 9 9\ 

f 9 9tjjr 

*9 

37 





1 










m 













a -3 


— 



t 








3—4 







1 



j 


4-5 









■ 




5-6 













Total 




1 

1 









After each message is signalled, the forwarding clerk 
compares the code time, or time received in the case of a 
tran^fmitted message, with the time sent, and he makes 
a tick of stroke upon the tablet form in the column for the 
•d<fey, corresponding to the number of minutes of difference 
bftween these two times. Thus, if the message be received 
at 11.52 and sent at 11.54, the delay is two minutes^ and the 
tick is made, ^ the first column. If the message had not 
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been sent until 11.59 delay wopld have Seen snm 
minutes, and the tick would have been made in the second 
column, and so on for each column. 

After each message is received a tick is made uvs^'the 
column for received messages, the delay upon these mes¬ 
sages not being indicated. At the end of each hour all the 
ticks for the forwarded and received messages are added up 
and inserted m the proper columns, and at the end of the 
day all the vertical columns are added up and entered in a 
book or upon a form and filed away for fliture reference. A 
constant record of the amount of work done as well as of 
the delay on every circuit in an office is thus maintained 
with the least possible consumption of time on the part of 
those who keep the record. 

361. These forms are summarised upon a return which 
is sent to the officer in charge of the District every eighth 
day, who, by taking an average of six or eight of these 
returns, is thereby acquainted with the amount of work 
transacted upon every circuit under his charge, and the 
manner in which this work is got off. He is able thereby to 
provide for the wants of the service, to see where the shoe 
pinches, to prevent congestion of the wires, and to supply 
the circuit accommodation needful for the District. 

362. The essential secret of success in telegraphic work¬ 
ing is constant personal supervision, strict and determined 
discipline, and extreme regularity and tidiness in offices. 
The greatest source of annoyance to those in chaige of tele¬ 
graphs is the loss of messages arising from careless distribu¬ 
tion or collection, from messages failing behind instruments, 
getting improperly ported, getting blown away by the wind 
in draughty offices, &c. If, however, the rigid rule of he ving 
a place for everything and everything in its pj^ce, especially 
upon the. instrument counters and floors, be attend^Vc,- 
such aces^^ts cannot arise. In a well* conducted office ttot 
.iit'4^erk is ^tvay from his instrument, not a trace of paper is 

fhe fle^r^ not a pad or a fonn is out of^s place. The 
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dislributoft and colleiptors move about silently collecting and 
distributing their messages. The superintendent, or )iis as¬ 
sistant if the office is big enough to employ one, maintains 
circuit under, his constant supervision, riAieving pres¬ 
sure here, checking circulation there, providing for a break¬ 
down in another place, and fostering that swift transmission 
of messages whiclx is the criterion of good telegraphy. In 
England our criterion of good working is this, tliat each 
station shall get off 90 per cent, of its work under ten 
minutes, and 50 per cent, under five minutes. Many stations 
actually get off 90 per cent, under five minutes. Thus, on 
August 30, 1875, Brighton, with 1,536 messages, got oft* 94 
per cent, within this period, and most stations exceed the 
criterion. On August 19, 1875, Bristol, with 4,621 mes¬ 
sages, got off 75 per cent, under five minutes, and 97 per 
cent, under ten minutes. 

363. All messages as they are handed in are paid for in 
stamps or money ; they are recorded in a book called the 
abstract book, and at the end of the day are collected together, 
with all those received and transmitted at the station, and 
sent up with a daily cash account to the General Post Office, 
where they are examined, checked, atid filed away for future 
reference. All inland messages aif l^ept for three clear 
months, after which period they are sent to the paper 
makers to be converted into pulp. 


CHAPTER XI. 

• ♦ 

^ 1364. Since the previous chapters were written, vanous ' 

impro\^ment^have been effected and fresh discoveries have 
m^de having a more for less important bearing upon 
t^e subject of Telegraphy. It is proposed in this chapter ^ 
• to describe such of these as have already been or are li^Jty 
to be intrpdulpsd into actual practical working. 
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365. Batteries.— (chap. ii. §§ 30-^4).—'{he 
latest improvement effected by Mons. £eclanche ii^the prin¬ 
ciple of his battery has been with the preparation of the peroxide 
. of manganese and carbon mixture. A mixture containinjK^^ 
percent, of peroxide of manganese, 55 percent, of carbon 
taken from gas retorts, and 5 per cent, of gum lac resin is 
* placed in a steel mould heated to 100*^ C., and subjected to 
hydraulic pressure. The gum lac resin is employed to con¬ 
solidate the carbon-peroxide of manganese mixture. I'he 
.result is that a solid homogeneous mass is produced, w'hose 
resistance is considerably less tlian that of the ordinary mixture 
which was at fiist employed. The internal resistance, Mons. 
' l^eclanche' states, may be still further reduced by the addition 
of 3 or 4 per cent, of the bisulphate of potash to the agglo¬ 
merated mass : the effect of this is said to be to dissolve the 
double salts which (§ 31. a) are formed in the battery. 



Tig i6t. 


▼ 

366. A form of battery recently introduced by Mr. J()hA 
Fuller, and named from him ‘Fuller's Mercury-Bichromate 
Battery,' bids fair to be largely employed in tlrc future. Zinc 
is the positive, and carbon the negative element. TIt- 3 
former is ^t^(h|e.$hape of a rod flattened at the end, as shown 
viif hg. placed in a vessel^ or tube rather, of porous 
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e^thenware e e\ l^hree ounces of mercury are poured into 
this tub§, so that the lower part of the 2inc is covered by it; 
^the rest of the rod is covered with wax or any other protective 
material. In this way that portion of the zinc rod which is ' 
exposed to action is kept permanently a’malgamated. The*, 
porous tube containing the zinc rod and mercury is placed . 
in a glass vessel This glass vessel is filled to within 
about two inches-of the top with a solution composed of ' 
3 ounces of bichromate of potash in i part of sulphuric 
acid and g parts of water; water only, after the mercury 
has been added, is poured into the zinc cell. 

The action of the battery will commence at' once, and/ 
considerably increase in the course of a few hours. The* 
essential feature of this battery is the permanent amalgama^ 
tion of the zinc plate: local action is thus effectually got rid 
of, and a bright clean surface being constantly exposed, 
the internal resistance is greatly reduced. Polarization exists 
in this, as in every one-fluid battery,and the strength of current 
varies from this cause when the battery is kept constantly at 
work, although after a time and through a certain resistance* 
it seems to reach a point when little, if any, further variation 
takes place. . 

The maintenance of this battery is veiy,cheap and simple. 
On an-ordinary circuit no bichromate of potash need be 
added for at least two months after the battery has been set up; 
and so long as the solution remains of :a deep orange colour, 
none whatever is required. Immediately a blue tint makes 
its appearance, extra crystals are n^ded. If, while the 
colouf remains good, the battery shows any signs of weakness, 

3 of 4 ounces of sulphuric acid should ^e added: at the same 
tit|ie, a portion of the solution from the zinc cell should be 
remo^fed, apjjj refilled with water. 

THERMO-ELECTRIC BATTERY. 

367. When two dissimilar metals are placed in contaci^ a. 
diflerence of potential is produced, and if heat bf applie<f^^t9V> 
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their point of junction, afid their cool ^extremities be con¬ 
nected with each other, either by being brought-'directly 
together or by means of a conducting wire, a current of elec-^ 
Iricity will continue to flow so long as a difference of tempcii- 
^tqre is maintained between the junction and the extremities. 
This current is named a thermo-electric current^ and the two 
metals form what is known as a thermo-electric pair ; a combi¬ 
nation of these pairs forms the thermo-electric pile or battery. 

Bismuth and antimony exhibit this property to a very 
marked degree, the current flowing at the heated junction 
from the bismuth, or positive metal, to the antimony, or 
negative metal, but other metals or alloys may be employed 
with equal or even greater advantage. 

368. Various forms of thermo-electric batteries have from 
time to time been tried, but the only one whose employment 
in practical telegraphy has been attended with success is that 
recently introduced by Mons. Clamond. He employs in his 
battery as the negative metal an alloy consisting of 2 parts 
of ^timony and 1 of zinc, and for the positive element 
’Ordinary tinned sheet iron. Each element consists of a flat 
spindle-shaped bar of the alloy from 2 inches to 2J inches 
in length, and from § of an inch to an inch in thickness. 



Fig. 163. 


This is shown in flg. 
162, where the shaded 
portion represents the 
alloy, and the dark line 
the sheet tin. The 
sheet tin is stamped out 
in the form shown in 
fig. 163, the narrow 
portion at a and a' 
being bent into the 
form shown at They 


m-' 
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,are then in a mould, and the alloy, which melts at 
tempemljfe of about 500® F., is poured in: the alloy 
’te^toably as the temperature lalls^ sci that before 
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has c<^led it is necessary to open the mould. The hm 
are t(iei removed in a finished state, having the sheet tin lug 
hg; 163, securely cast into them : these tin lugs are bent into'' 
fgism, and the bars are radially arranged round a temporary; 
brass cylinder in. the manner shown in hg. 164, thin slips 
mica being inserted between the alloy and the sheet tin fdf' 
the purpose of preventing contact, except at the point where, 
they are joined together. The number of radial bars varies ; 



Flu. 164. 

according to circumstances: the batlsery usually empk>ye<^ 
contains eight or ten of them. When laid in position they^ 
ar^ secured by a cement formed of powdered asbestos and 
soluble glass Or solutionrof silicate of potash; and as sooifaa 
one dircle ^ completed, a ring of dry asbestos cement if 
• i^laced upon it; another circle ot bars is built upon this and 
<*similarly covered with cement, the operation being repeated 
until the entire battery is formed. Cast-iron frames are^lhen 
placed at the top and bottom of the pile, and drawn toother 
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by screws and rods, so as to consolidate^the whole*; in th^ 
condition the pile is allowed to dry and harden. Tho inside 
faces of the elements form a cylinder within which the gas is 
burned ; a tin strip is bent round each inner face before ife^s 
embedded in the cement, so as to protect it from excessive 



heat The projecting ends of these strips from the opposite 
ends of e^h pair of elements are soldered together; the 
rings are*aiunDarly connected, and the pile is then completeV 
the positive pole is always placed at the top,, < 

. P»l® is heated by gas introduced at the bottom 

. ^ ^ eiilliM^are tube, which is closed at. the top and 
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pierced throughout its length with small holes. The gas, 
previoi* to entering the tube, is mixed with a regulated pro¬ 
portion of air coming from an orifice o in the supply tube, 
A' (fig. 165); it then escapes through the holes, and burns 
in small blue jets. The elements in the earlier form of piles 
were heated directly by these jets, but the injury done to 
the connection and ends of the elements by overheating led 
to the introduction of the method shown in fig. 165 :— 

A 13 is the earthenware tube extending about half-way up 
the pile; it is covered at the top, and pierced throughout 
its length w’ith small' holes. The mixture of gas and air 
enters at the bottom, 'but the flames from the small holes, 
instead of acting directly on the pile itself, heat an iron tube 
c D, which surrounds the earthenware tube. This iron tube 
extends nearly to the top of the battery, and is open: a 
moveable cover E f fits closely over the top of the pile, and a 
chimney G h is connected to the bottom of the jiile, leading 
off from the open space between the iron tube and the 
elements themselves. The air enters at the bottom of the^ 
iron tube, while the heated gases rise between it and the? 
earthenware tube, and curling over, finally escape by the 
chimney. In this way the jets of flame are prevented from. 
impinging on the ends of the elements, which are heated 
partly by radiation from the iron tube, and partly by the hot 
gas circulating between it and the pil$. 

370. There can be no question tha| this method of heating 
is a decided improvement over that vwiich was first adopted f 
but still faults are liable to arise fr(^ an overheating and, 
consequent destruction of the inside ends, and it is 'th|4'' 
which forms the main objection to the thermo-electiifc" 
battery. 

371. In practice, twenty elements similar to those intro^^ 
difced by jfons. Clamond give an electromotive force 

• valent to that obtained from an ordinary DanielPs cell: 
internal resistance of 90 such elements is'very small inde^, 
averaging not more than about half an ohm,^wheTeais dilat; 
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of an ordinary trough Daniell may be sqt down as rough^ 
about 20", and that of a Leclanch^ about 2“, per c£ll. 

372. Automatic Telegraphy (chap. v. § 126).—It has been^ 
.mentioned in § 126, that the rate at which the Wheatstone 
receiver can receive messages is limited not only by the me¬ 
chanical . inertia of the instriunent itself, but by the electro- 
‘magnetic inertia of its electro-magnets. The secondary 
•currents, which are induced in each of the electro-magnets 
(teE, fig. 85, p. 119), by the passage of the working currents 
through them produce retardation. A very simple mode of 
.connection has recently been adopted, which causes these 
'Currents to neutralise each other and so reduce their effect 
in producing retardation. 

The ordinary mode of connecting up is shown in fig. 166, 
•^hcre the coils may be said to be joined up in ‘ series.’ A 





Fic iC6 



nt is induced in each coil on making and breaking 
ct; each of these two currents at the same time is in 
^ifame direction, and their sum therefore tends to diminish 
^;4^,ngth of the prime current at its commencement and 




Fic. 167. 

'Its Strength and duration at its cessation. When 
ijtpihs are connected, as shown in fig. 167, where 
to be connected up in * quantity,’ the two 
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currents iare in each case in the reverse direction through 
the coijp, and hence tend to neutralise each other. The 
prime current is therefore unaffected, and little,or no re- 
*tcirj(lation from 4:his cause is experienced. Indeed this mode 
of connecting up has increased the rate of working upon 
Wheatstone circuits from lo to 20 per cent, 

373. Joints in Open Wires (chap. vii. §§ 269, 270).—A 
great drawback to the Britannia joint until recently was the 
weight of the materials which had to be carried about in con¬ 
nection with it. The soldering iron, and fire-pot in which to* 
heat it, are more or less cumbersome, and lead to unsoldelre^ 
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joints remaining in the wire, more esf^cially on lines.;\\^ 

the means of transit are at all difficult This objection 
Britaimia joint is to a great extent o^rcome rby the, 
duction of a small piece of apparatus ^vented by 
Fletcher, and named from him \ Fletcher’s $olo^| 
Apparatus.’ This is shown in fig. 168. Asmallgro^^ 
gutter is formed on the top of p. copper box oif 
showij, which is pierced with holes, arid to which 
handle is inerted. Into this box the luel is placed^ 

^ree circulation of air through the holes leads 
combustion and easy heating of the<^itter.. 
of the wire to be joined having been treated: 
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described in § 27o,p. 223, are laid in this gutter: the solder 
being then applied, readily melts and cbmpletes the joint. 
Considerable difficulty was experienced with the fuel at first 
supplied by the inventor ; it burnt very well an fine weather, 
but was not suited for universal use. Experiment has shown 
that the best form of fuel which can be used, and which may 
be applied at all times, is cotton waste steeped in paraffine. 
The handle should not be less than 18 inches in length when 
this fuel is employed. 

374. joints in Covered (chap. vii. §§ 292-294).— 
Various attempts have from time to time been made to 
introduce a mechanical form of joint in gutta-percha covered 
wires which would do away with the tedious and costly 
method described in chap. vii. §§ 292-294. The most recent 
and at the same time the most successful of these is the 
‘Patent Joint’ invented by Mr. Willoughby Smith, a sec¬ 
tion of which is shown in fig, 169, This joint is made as 
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follows:—The gutta-percha is removed from the ends of the 
wires which are to be joined either by heating or by means of 
the knife—the former method is to be preferred: the copper 
wires are then thoroughly cleaned with emery paper and 
united by a short‘Bell-hanger’s Twist,’ tightly anji well made, 
as shown in fig. 170. 



Fig. X70. 

r The solder is next carefully applied, every precaution beii.g 
•taken to guard against undue heating of the wire. The 
)ittrfeue only of, the gutta-percha and the copper at the joint 
then heated by means of a spitit lamp.: Chatterton’s 
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coippound is applie(j^ until the copper wire is covered with 
it slightly thicker than with the gutta-percha. While the 
compound is still warm, the wire is placed in the lower half 
of A wooden or ebonite mould, and the upper half is placed 
over it. A clamp is then applied and screwed hard down 
until the surfaces of the two halves of the mould press firmly 
against each other. Screws are finally inserted, and the 
clamp is removed, leaving the joint complete. 

I'liis system, it is evident, cannot, except in cases of 
emergency, be used for submarine cables, but it is well 
adapted for subterranean work, and, with those wires to 
which it has been applied, has thus far given very satisfactory 
results. 

375. Faults in Instruments (chap. viii. § 303).—It has 
been already pointed out (§ 303) wdiat steps should be taken 
in onler to prov|| that the sending portion of the single¬ 
needle apparatus is in good working order, but it may 
frcfiucntly happen, and more especially in the ])edal form 
of single-needle instrument, that the disconnection is in the 
receiving portion. The method already described will not 
apply to such a case, but in its place the following must .be 
adopted :—Disconnect the line, or line and earth, wires from 
terminals a and 11, and connect the battery wires from c and 
z to A and n instead ; if immediately this is done, and with¬ 
out depressing the keys or moving the diandle, as the case 
may be, the needle is strongly deflected, it shows that no 
fault exj^s in the receiving connections; if, on the other 
hand, the needle refuses to move, a fault^due to one or otlier 
of the causes already named may be looked for, and all the 
conntetions between a and b should then be carefully traced 
and^exarained till the needle becomes deflected. 

376V This method of bringing the battery wires on to the 
^line or line anlfi earth terminals, and so forming for the time 
lining a ‘ detector ’ out of the receiving part of the apparatus, 
should be adopted with every kind of instrument when test¬ 
ing for disconngption in the receiving connections* 
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